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Abstract 

Greenhouses have become an invaluable source of year-round food production. Further 

development of viable and efficient high performance greenhouses is important for future food security. 

Closing the greenhouse envelope from the environment can provide benefits in space heating energy 

savings, pest control, and CO2 enrichment. This requires the application of a novel air conditioning 

system to handle the high cooling loads experienced by a greenhouse. Liquid desiccant air-conditioning 

(LDAC) have been found to provide high latent cooling capacities, which is perfect for the application of 

a humid greenhouse microclimate. TRNSYS simulations were undertaken to study the feasibility of two 

liquid desiccant dehumidification systems based on their capacity to control the greenhouse microclimate, 

and their cooling performance. The base model (B-LDAC) included a natural gas boiler, and two cooling 

systems for seasonal operation. The second model (HP-LDAC) was a hybrid liquid desiccant-heat pump 

dehumidification system. The average tCOPdehum and tCOPtotal of the B-LDAC system increased from 

0.40 and 0.56 in January to 0.94 and 1.09 in June. Increased load and performance during a sample 

summer day improved these values to 3.5 and 3.0, respectively. The average eCOPdehum and eCOPtotal 

values were 1.0 and 1.8 in winter, and 1.7 and 2.1 in summer. The HP-LDAC system produced similar 

daily performance trends where the annual average eCOPdehum and eCOPtotal values were 1.3 and 1.2, but 

the sample day saw peaks of 2.4 and 3.2, respectively. The B-LDAC and HP-LDAC results predicted 

greenhouse temperatures exceeding 30°C for 34% and 17% of the month of July, respectively. Similarly, 

humidity levels increased in summer months, with a maximum of 14% of the time spent over 80% in May 

for both models. The percentage of annual savings in space heating energy associated with closing the 

greenhouse to ventilation was 34%. The additional annual regeneration energy input was reduced by 26% 

to 526 kWhm
-2

, with the implementation of a heat recovery ventilator on the regeneration exhaust air. The 

models also predicted an electrical energy input of 245 kWhm
-2

 and 305 kWhm
-2

 for the B-LDAC and 

HP-LDAC simulations, respectively.  Future work is identified focussing on decreased energy 

consumption, improved performance, and scaled up models for commercial greenhouses. 
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  Chapter 1

Introduction 

 

1.1 Project Motivation 

The U.N. has projected that the world population will increase from 6.1 billion in 2000 to 8.9 

billion in the year 2050 [1]. Consequently, food supply security will be a more important part of nations’ 

agendas, especially considering that an estimated one in nine people are already undernourished [2]. 

Although the majority of undernourished people find themselves in developing countries where the 

population growth rates are the highest [3], improved food security and availability remains an important 

field of research in developed countries, such as Canada. Improved food availability can be achieved by 

increasing total production. This can be attained by using more land for agriculture, increasing the density 

of crops, and by boosting crop yields [4]. Implementation of the strategies mentioned above requires 

economic, political and scientific support to allow the development of advanced technologies. An 

important focus of agricultural innovation lies with the greenhouse industry, allowing greenhouses to 

provide crops year-round. These innovative solutions can be directed at increasing the performance of 

greenhouse agriculture, leading to improved food availability for growing populations. 

 In 2014 the Canadian greenhouse agricultural industry (vegetables and ornamental plants) covered 

an area of 21.4 million square metres and reached $2.7 billion in annual sales. A large part of Canada’s 

greenhouse production is located in Ontario with an area of 12.9 million square meters and $1.6 billion in 

annual sales [5]. After labour, fuel costs are the most significant greenhouse operating cost, representing 

20% to 35% of the total [6]. As labour costs generally increase proportionally with production, they are 
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easier to predict and control. Fuel costs, however are subject to market price fluctuation as global supplies 

vary. The majority of greenhouse energy consumption can be attributed to microclimate control processes 

which include heating, cooling, dehumidifying, ventilating, and CO2 enrichment of greenhouse air. 

Greenhouse modelling studies have shown that greenhouse dehumidification comprises over 25% of 

energy consumption [7]. High ventilation rates are required to exhaust the humid air, and the intake of 

fresh air often requires heating. The application of an energy efficient latent cooling system can therefore 

produce large energy and cost savings for the greenhouse industry.  

Greenhouses are important for the agriculture industry as they enable the year-round cultivation of 

seasonal crops. This is especially true in Canada where the cold and snow of the winter months make any 

crop growth impossible. To provide the greenhouse crops with optimal air temperatures in winter, the 

indoor air must be heated which requires a significant amount of energy. To reduce costs, it is therefore 

beneficial to close the greenhouse off from the environment as much as possible by creating a sealed 

structure. Without the introduction of fresh air to counteract the evapotranspiration of crops, a completely 

sealed greenhouse would quickly reach unfavorable levels of relative humidity. The application of an 

effective air-conditioning system to remove the excess moisture and enable heating cost reductions can 

therefore be an important improvement to current greenhouse operations. 

The climate in Southern Ontario is relatively advantageous for crop growth in Canada with milder 

winters and a higher solar resource. High fuel costs however, remain a burden in winter months to 

maintain the greenhouse at a temperature that promotes healthy crop growth. Additionally, high ambient 

humidity levels in summer create less than favorable growing conditions as many greenhouses rely on 

ventilation for dehumidification. Fig. 1 shows an hourly bin plot of climatic conditions on a 

psychrometric chart for Windsor, ON, during the months March through August. It can be seen that 

relative humidity values average above 65% and temperatures can surpass 30°C. In addition to the high 

climatic humidity, greenhouses also gain moisture from irrigation and plant transpiration, further 
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increasing the latent load within the structure. These high humidity conditions make desiccant 

dehumidification an optimal approach for Southern Ontario greenhouse air-conditioning. 

 

Fig. 1 – Psychrometric bin plot of climatic conditions during the months of March 

through August for Windsor, ON [8] 

The present work is the second phase of a research project initiated in 2011 as a joint venture 

between the Queen’s Solar Calorimetry Laboratory, the Ontario Greenhouse Vegetable Growers (OGVG) 

and Agriculture and Agri-food Canada (AAFC). The first phase of this project was a study conducted by 

Seemann (2013), who investigated the greenhouse dehumidification loads and configured a liquid 

desiccant air-conditioning (LDAC) system [8]. This led to the installation of a commercially available 

LDAC unit, cooling systems, and thermal source on a test greenhouse at AAFC’s Greenhouse and 

Processing Crops Research Centre (GPCRC) in Harrow, Ontario.  

The results reported by Seemann (2013) only included short periods of data obtained on selected 

days in April and July. The results showed the system provided adequate latent cooling, but was unable to 
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reduce the greenhouse temperature to the set point, resulting in increased ventilation to maintain the 

desired crop growing conditions. Therefore, the work was continued in the present study to provide an 

accurate model of the system performance and identify system modifications for increased sensible 

cooling. 

1.2 Greenhouse Technology 

The application of greenhouses to protect cultivation during winter months first started in Northern 

Europe with glass-cladded structures. The need for cheaper greenhouse construction led to the 

implementation of plastic cladding materials such as polyethylene. The past several decades have seen the 

use of greenhouses spread rapidly, due to the increased annual demand for high quality produce [9]. A 

study performed by Hickman (2016) on the global greenhouse vegetable production reported permanent 

structured greenhouses cover an area of 473,466 hectares (1,169,960 acres) [10]. The majority of 

greenhouses are located in China, where the mass production of low-cost plastic cladding has allowed 

them to grow into the global leader in greenhouse vegetable production [11]. 

Glass is the traditional North-American glazing material due to its high solar transmissivity, 

chemical stability, and durability. Other materials include acrylic, polycarbonate, and polyethylene, each 

of which can be implemented in single or multiple layers, two being the most common [12]. The 

transmissivity of plastic films can degrade with time due to the polymerization caused by solar radiation 

[13]. Despite this, polyethylene glazing is used to cover the majority of global greenhouses, especially in 

warm climates where extreme weather conditions are less prevalent. Glazing material can have a major 

impact on the heat loss and infiltration rate of a greenhouse structure, which in turn will affect the energy 

consumption and microclimate control [14]. Several average characteristics of typical greenhouse 

cladding materials are shown in Table 1 [12] [15] [16]. 
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Table 1 – Typical values for greenhouse cladding transmissivity, R-Value, and Infiltration 

Material  Transmissivity R-Value [Km2/W] Infiltration [h-1] 

Glass Single 0.88-0.93 0.16 0.75-4 

 
Double 0.75-0.80 0.25 0.75-4 

Polycarbonate Single 0.90 0.16 0.8 

 Double 0.78-0.82 0.30 0.8 

 
Triple 0.74-0.76 0.37 0.8 

Polyethylene film Single  0.87 0.15 0.8 

 Double 0.78 0.25 0.5 

 

Crop production in greenhouses involves interactions between many physical and biological 

systems. The loads experienced by the greenhouse envelope are displayed in Fig. 2. Greenhouse 

temperature, humidity, and lighting are viewed as the most important greenhouse environmental factors 

[17]. The greenhouse environment influences plant growth, crop yield, and the number of pests and 

diseases [18]. Environment control, which primarily involves the use of physical systems, is therefore an 

important aspect of greenhouse agriculture. It is difficult to mechanically control humidity in a 

greenhouse, with air circulation depending on ambient conditions and the high costs of vapour 

compression air-conditioning required to cope with high latent loads [19]. 

   

Fig. 2 – Schematic representing greenhouse energy and moisture flows [8] 
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A detailed description of traditional climate control methods is presented in Chapter 2. Traditional 

approaches to environmental control in greenhouses include shading and natural ventilation. These have 

been known to have serious drawbacks, including; pests and diseases finding their way in; CO2 

enrichment becoming ineffective; and the increasing heating loads coupled with dehumidification that 

result in sub-optimal humidity or temperature conditions [20]. Therefore, it has become common practice 

to reduce ventilation as much as possible, and has led to the development of the “closed” greenhouse 

concept [21]. Closing of the greenhouse introduces new challenges with moisture control but presents an 

opportunity for the application of liquid desiccant dehumidification.  

In closed greenhouses rapidly varying solar intensity and crop evapotranspiration rates generate 

sudden changes in heating and cooling loads, requiring markedly different environmental control systems 

than are common for traditional industrial and commercial buildings. Additionally, in human habitats, 

building environment control is primarily designed to manage temperature and ventilation rates to provide 

human comfort, while the greenhouse environment requires the control of important biological growth 

parameters [15]. For example, the optimum daytime and nighttime air temperature for tomato plants range 

from 21°C to 29°C and 15 to 21°C, respectively [22]. Additionally, the optimal relative humidity range 

for vegetative tomatoes is 60%-80% [23]. 

Monitoring the greenhouse environment with relation to disease and pest control has become a 

fundamental part of greenhouse management [24]. High humidity and warm temperatures provide a 

favorable environment for the development of certain diseases, making their occurrence much more likely 

in greenhouses [25]. Estimates of crop loss from diseases and physiological disorders are between 7% and 

20% [26]. As researchers learn more about the environmental conditions that promote the spread of 

diseases and pests in specific seasons, closing off the greenhouse to the environment and implementing 

effective climate control strategies can reduce crop loss. 
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1.3 Liquid Desiccant Cooling Principles and Operation 

The application of active air-conditioning technologies to the greenhouse microclimate can 

improve growing conditions for crops and thereby increase yields. However, the high latent and sensible 

loads associated with the greenhouse structure and crop evapotranspiration often increase the air-

conditioning operating cost to the point that these systems are no longer viable. Therefore, research into 

the application of novel air-conditioning methods for greenhouse structures remains an important activity 

as effective and reliable mods are required. 

The performance of different air-conditioning systems are often compared using their coefficients 

of performance (COP). COP values are defined as the cooling capacity (expressed in kW or tonnes) and 

divided by the energy input required to achieve the cooling. Depending on the form of the energy input, 

different COP values can be defined to evaluate a system. For example, a LDAC system typically 

requires a thermal and an electrical energy input resulting in two COP values each defined by the 

effective cooling rate over the rate of the respective energy input, these are defined in the equations given 

below. Similarly, an electrically driven vapour-compression (VC) system would only be defined by its 

electrical COP as it would not require a thermal energy input. 

cooling

e

electrical

Q
COP

Q
          (1.3.1) 

cooling

t

thermal

Q
COP

Q
          (1.3.2) 

coolingQ consists of the latent and sensible cooling capacities. The high latent load experienced by 

greenhouses caused by the continuous evapotranspiration and irrigation of the crops presents itself as an 

advantage for the application of liquid desiccant dehumidification over vapour-compression (VC) air-

conditioning. Traditional VC air-conditioning systems rely on the overcooling of the process-air below 



8 

 

the dew point to condense the vapour out of the air. The psychrometric representation of this process is 

shown in Fig. 3. The process steps are: 

 Start – 2: The air is cooled to its dew point in the evaporator coil of air conditioner 

 2 – 3: The air is further latent and sensibly cooled to the set point temperature and humidity 

level. 

 3 – End: The air is then reheated to the desired outlet conditions. 

Liquid-desiccant air-conditioning (LDAC) units operate on a thermally driven chemical absorption 

cycle that employs the hygroscopic properties of a strong salt-solution to dehumidify air. This direct 

absorption means that no excessive cooling is necessary to dehumidify the air, as is the case with VC air-

conditioning systems. With LDAC systems, the air is dehumidified it releases the heat of vaporization, 

increasing the sensible energy into the air. Consequently, some additional cooling is generally required to 

reach the set point temperature and humidity of the process-air in a liquid desiccant system. This is shown 

in Fig. 3, i.e., 

 Start – 2’: Vapor is chemically absorbed, thereby releasing the heat of vaporization. 

 2’ – End: The air is sensibly cooled to the set point temperature and humidity level. 

The heat and mass transfer in a liquid desiccant process occurs in the conditioner and regenerator 

components. They are similar in design and operation as they both require a large surface area for contact 

between the air and the desiccant. Most structural designs of these components can be grouped into two 

categories: packed-bed and falling film. Packed-bed desiccant systems consist of a packed medium with a 

high surface area over which the desiccant is distributed at a high flow rate. In falling-film systems the 

desiccant flows down vertical plates in a laminar film at relatively lower flow rates. A review of research 

performed on both systems is presented in the following chapter. A third component, called the sump, 

completes the desiccant loop by collecting the desiccant. The sump is usually designed to allow for a 

gradient in desiccant concentration to form. The current work employs a commercially available packed-

bed liquid desiccant unit manufactured by Advantix Energy Systems.  
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Fig. 3 – Psychrometric plot of a vapour compression dehumidification cycle and a liquid 

desiccant dehumidification cycle 

The chemical absorption of moisture occurs when a strong desiccant is brought into contact with 

the process-air stream in the conditioner. The process is driven by a water vapour-pressure differential 

between the liquid desiccant and the adjacent air, where the vapour pressure of the strong desiccant is 

lower than that of the humid air. To facilitate an increase in absorption, the desiccant is often sensibly 

cooled to reduce its vapour pressure further. This cooling generally occurs in a pre-process cooling coil or 

in an internally cooled system, where cooling liquid is circulated through the conditioner. The cooling 

liquid may also be used to reduce the post conditioning temperature of the air so that a set point may be 

reached. 

The absorption of moisture by the desiccant causes dilution, which must be reversed in the 

regeneration cycle. The regenerator performs the opposite reaction using the diluted desiccant, which has 

a higher vapor pressure than the outdoor air, to reject water from the solution. Heat is introduced to the 
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desiccant before or during the regeneration cycle to increase the desorption capacity of the desiccant. An 

advantage of liquid desiccant systems is that they operate with low grade heat, typically between 50°C and 

90°C, this makes them well suited for use with low grade heat sources, e.g., solar thermal, waste process 

heat, etc. After the conditioner and regenerator, the desiccant is stored in the sump before being pumped 

through the system again. The variations in density between the dilute and concentrated desiccant solution 

usually allows for the separation of the two concentration regions. 

1.3.1 Liquid Desiccants for Dehumidification 

The working fluid driving the dehumidification process is an aqueous desiccant solution. Research 

has shown the potential use of many desiccants, some examples of these are Calcium Chloride (CaCl2), 

Lithium Bromide (LiBr), or triethelene-glycol. In the LDAC unit used for this study, the desiccant 

solution was lithium chloride (LiCl) dissolved in water. LiCl is commonly used in dehumidification 

applications as it has good desiccant properties and does not vaporize at ambient air conditions. 

 The vapour pressure of the desiccant is an important property when considering desiccant 

performance as it is the driving force behind the mass transfer. The vapour pressure is defined as the 

pressure exerted by a vapour in thermodynamic equilibrium with its condensed phases. A vapour pressure 

differential drives the air to reach equilibrium with the liquid water in the aqueous salt solution. The 

vapour pressure is a function of both the desiccant’s temperature and its concentration, Fig. 4a shows this 

correlation for LiCl as determined with the correlations of Conde (2004) [27]. As the concentration 

increases the water vapour pressure will decrease. Similarly, the vapour pressure drops with a decrease in 

desiccant temperature. These two characteristics are used to increase the absorption performance of the 

conditioner as it is fed with a concentrated and cooled desiccant solution. Conversely, a decrease in 

concentration, and an increase in temperature cause a rise in the vapour pressure to improve regenerator 

performance.  

Another important property of the desiccant solution is the solubility limit. As the mass of 

dissolved salt in the desiccant increases, it will reach the solubility limit where the salt in the solution 
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Fig. 4 – Important desiccant characteristics including: a) LiCl water vapour pressure vs. temperature  

  b) change in LiCl solubility limit with temperature c) change in enthalpy of vaporization of  

  water vs. temperature d) LiCl enthalpy of dilution vs. concentration [27] 

begins to crystallize. This has detrimental effects on system performance and maintenance as salt is 

deposited in the air-conditioning equipment which can cause blockages in flow channels. Therefore, the 

solubility limit restricts the degree to which to vapour pressure of the desiccant can be reduced and must 

be controlled. 

The latent heat of vaporization is defined as the energy that is released or absorbed associated with 

the phase change from vapour to moisture and vice versa. This is important for the mass and energy 

transfer in a liquid desiccant system because the water leaving or entering the desiccant absorbs or 

releases this change in specific enthalpy. The enthalpy associated with this phase change is shown in Fig. 

4c, where it can be assumed that the process is isothermal. As vapour condenses, and is absorbed into the 
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desiccant, the latent heat of vaporization is released as sensible heat resulting in an increase in desiccant 

and air temperature. Similarly, as liquid water is desorbed from the desiccant solution and vaporized, it 

absorbs the latent heat of vaporization from its surroundings, thereby lowering the sensible heat in the 

desiccant.  

An additional form of latent energy associated with the absorption and desorption of vapour in to 

desiccant solution is the heat of dilution. As water is absorbed into the desiccant the heat of dilution is 

released as sensible energy. Similar to the heat of vaporization, it is also a function of temperature as well 

as desiccant concentration. Correlations developed by Conde (2004) expressed as a function of 

temperature and concentration can be found in Fig. 4d. It can be seen that the heat of dilution decreases 

with lower concentrations and temperatures. 

1.4 Objective, Approach, and Scope 

This project builds on a previous experimental study conducted between the Queen’s Solar 

Calorimetry Lab and Agriculture and Agri-Food Canada at the Greenhouse and Processing Crops 

Research Centre in Harrow, Ontario. In the previous study a commercial liquid desiccant 

dehumidification system was configured for the dehumidification of the greenhouse microclimate [8]. For 

the present study improvements were made to the instrumentation and air distribution of the previously 

installed experimental setup, which included a commercial LiCl-based liquid desiccant unit and the 

polyethylene covered test greenhouse.  

The key objective of this study was to investigate the feasibility of annual greenhouse 

dehumidification using a liquid desiccant and to asses its impact on the greenhouse’s energy 

consumption. A secondary objective of this study was a comparison between the performances using two 

different approaches: 

Case I: The first approach follows the setup outlined in the previous study. A liquid desiccant unit 

with heating provided by a natural gas boiler, and cooling provided by auxiliary cooling systems. 

http://www.agr.gc.ca/eng/science-and-innovation/research-centres/ontario/harrow-research-and-development-centre/?id=1180624240102
http://www.agr.gc.ca/eng/science-and-innovation/research-centres/ontario/harrow-research-and-development-centre/?id=1180624240102
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Case II: The second approach is based on recommendations resulting from the previous study and 

studies in the literature. The system includes a liquid desiccant unit combined with a heat-pump 

transferring heat from the dehumidification process to the regeneration process. 

The approach to meet these objectives was to use the transient simulation software TRNSYS to 

develop a model of the LDAC and compare it against measured values. The model was then integrated 

into two system simulations that were used to predict annual system performance. The results from the 

two systems were then compared and analysed to assist in future design improvements. 

A literature review was conducted to assess the present state of liquid desiccant air-conditioning 

technology and the application of said technology in the greenhouse industry. Building on the 

recommendations of the previous study, the measurement system of the test facility was improved, 

allowing for a more detailed thermodynamic analysis. Eight sets of data from the experimental trial were 

selected to develop and validate a model of the commercial LDAC unit, which included a custom 

TRNSYS component of the heat and mass exchanger. The greenhouse structure and internal gains were 

modelled with methods found in the literature using TRNBuild, a TRNSYS sub-program. The validated 

LDAC model and greenhouse structure were then integrated into two full system TRNSYS simulations. 

The base simulation is modelled after the experimental setup, with some slight modifications. The second 

simulation looks to improve the sensible cooling capacity, and energy consumption of the system with the 

application of a heat pump instead of the auxiliary heating and cooling systems. Results from these 

simulations were used to compare the two systems and to investigate the feasibility of liquid desiccant air-

conditioning applied to the greenhouse.  
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  Chapter 2

Literature Review 

 

This chapter presents a review of relevant research in liquid desiccant dehumidification and 

greenhouse microclimate control. The current state of experimental and numerical analysis of packed-bed 

and falling-film desiccant system is discussed, including the application of hybrid desiccant systems. 

Additionally, traditional greenhouse cooling methods and greenhouse microclimate modelling techniques 

are presented. 

2.1 Liquid-Desiccant Air-Conditioning 

Desiccant dehumidification is a widely applied technology used in industries where moisture 

control is critical. Since the earliest application in the mid 50’s [28], rising energy prices have generated 

interest in the technology. The following section presents a review of liquid desiccant technology with a 

focus on low flow systems. Additionally, greenhouse applications and hybrid vapour-compression/liquid-

desiccant systems applications will be described. 

2.1.1 Desiccant Systems 

The design of the conditioner/regenerator can greatly affect its ability to absorb/desorb moisture 

and heat. The two main types of desiccant systems are packed bed and falling film, each comes with 

advantages and disadvantages. In a comprehensive review of liquid desiccant technologies Mei and Dai 

(2006) presented research in areas including desiccant and packing materials, conditioner flow patterns, 

regeneration models and energy storage. Their research identified packed-bed heat and mass exchangers 
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as the most commonly researched exchanger structure and lithium bromide, lithium chloride and tri-

ethylene glycol as the most widely used single desiccants [29]. 

Packed-bed units are found to be the most common desiccant system and can be classified as 

structured or random packing material.  Structured bed designs have some form of geometric order to 

direct desiccant and airflow. Random packed beds contain a random packing material over which the 

desiccant solution is sprayed. In a comparative study, Chung et al. (1996) compared heat and mass 

transfer correlations of structured and random packed beds. The dehumidification rate was found to be 

similar for the beds tested, however the heat transfer rate was found to always be higher for beds with 

random packing materials [30]. Due to the high density of the random packed beds the contact between 

air and desiccant is generally good, however the pressure-drop and the desiccant flowrate required for 

good wetting is relatively high [31] [32]. To reduce desiccant carry-over to the air stream, another 

significant concern in packed-bed systems, Kumar et al. (2011) studied three wire-mesh packing 

materials. Not only did the mesh packing materials reduce carry-over, experimental testing showed a 30% 

improvement in dehumidification performance [33].  

The three main flow patterns through packed bed media are parallel flow, cross flow, and counter 

flow. With a one-dimensional model using differential equations Ren et al. (2007), looked at the 

performance of different desiccants and flow configurations. It was shown that a counter flow 

configuration achieved the best performance; this was verified by numerical solutions [34].  

In a detailed experimental study of a random packed bed LDAC using triethylene glycol, Oberg 

and Goswami (1998) reported the importance of certain design variables and characteristics. The airflow 

rate and humidity ratio, the desiccant temperature and concentration, and the height of the packed bed 

tower were found to have the greatest impact on the performance of the dehumidifier [35]. Additionally, it 

was found that the desiccant flow rate and the inlet air temperature had little effect on performance, 

however the desiccant flow must be high enough to guarantee wetting of the bed. In a similar study, Fumo 

and Goswami (2002) found that the influence of the above mentioned design variables on dehumidifier 
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performance could be assumed to be linear. The slope of the line graph of each variable vs. 

dehumidification effectiveness was found to represent the importance of the variables with the greatest 

impact:  desiccant concentration (slope = 2.7), desiccant temperature (slope = -1.4), airflow rate (slope = -

0.9), air humidity ratio (2.5). Variables with the greatest impact on the regeneration effectiveness were: 

desiccant temperature (slope = 5), desiccant concentration (slope = -1.8), and air flow rate (slope = 0.5) 

[36]. The same variables were identified to be important in another study of a structured packed bed 

desiccant system The authors also found that the desiccant flow rate does not affect the performance once 

the desiccant-to-air mass flow ratio (MFR) exceeds the value 2 [37]. The mass to air ratio is defined as, 

/d aMFR m m           (2.1.1) 

where 
dm  is the mass flow rate of the desiccant, and 

am  is the mass flow rate of the air-stream. 

Falling film, or wetted wall, desiccant systems consist of tubes or parallel plates that are wetted by 

a gravity fed desiccant. The desiccant forms a laminar film that absorbs or desorbs moisture from air that 

is forced over the surfaces. While maintaining a high desiccant/air contact area per unit volume, falling 

film systems experience relatively low pressure drops [38]. Although most literature focusses on cross 

flow configurations, Ali et al. (2003) have found that parallel flow results in higher cooling performance 

[39]. Additionally, it was found that increased channel height and reduced airflow rates improve 

performance, this was corroborated in other studies [40] [41]. A difficulty encountered in falling film 

systems is achieving a thin film over the complete surface of tall towers [41]. 

2.1.2 Modelling of LDAC’s 

Numerical analyses using one-dimensional finite-difference models have been shown to give 

results that correlate well with experimental results [42] [43]. These models typically compute the 

velocity field using the continuity and momentum conservation equations. Desiccant concentration, 

temperature and humidity can then be calculated using the mass and energy balance equations of the 

working fluids. The heat and mass transfer coefficients required are calculated using empirical 
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correlations [38]. Due to the complexity of these numerical equations, modelling was often 

computationally intensive in the past. 

To reduce computing power while maintaining simulation accuracy many studies have used 

effectiveness models to characterize desiccant systems. The enthalpy effectiveness model was first 

proposed by Stevens et al. (1989) in a counter-flow packed-bed tower to determine the outlet conditions 

of the air [44]. The derivation of the model, as seen in the literature, simplified more detailed models by 

assuming a Lewis Number (ratio of thermal to mass diffusivity) of 1. The resulting model was found to be 

analogous to effectiveness equations for sensible heat exchangers. The study derived the enthalpy 

effectiveness to be, 

, ,

, ,min

a in a out

h

a in a

h h

h h






          (2.1.1) 

where 
,a inh  and 

,a outh are the enthalpies of the air at the inlet and outlet, and 
,a minh is the enthalpy of the air at 

equilibrium with the desiccant. 

Other studies used two separate values, the enthalpy effectiveness and the 

dehumidification/regeneration effectiveness, to describe the heat and mass transfer. The 

dehumidification/regeneration effectiveness is the ratio of the actual moisture transfer and the maximum 

moisture transfer, which would occur if the outlet air conditions were in equilibrium with the inlet 

desiccant conditions; the correlations are displayed in equations 2.1.3 and 2.1.4 respectively. Combining 

the dehumidification/regeneration effectiveness and the enthalpy effectiveness allows the mass and 

energy balance equations to be solved. The literature shows a wide range of correlations applying the 

effectiveness method to liquid desiccant systems. With a wide variety of packing materials, however, 

there is no one correlation that can be applied to all units [38].  
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Chung (2004) developed a correlation for the effectiveness of a packed bed desiccant system, 

which involves the air and liquid flow rates, air and liquid inlet temperatures, column packing 

dimensions, and the equilibrium vapour pressure of the desiccant solution. The correlations were 

developed using LiCl and triethylene glycol as desiccant in four different conditioner designs. The study 

compared the predicted results to experimental values and reported an average error of 7% [45]. Oberg 

and Goswami (1998) could predict the performance of their TEG-based packed bed experiment within 

15% using the results from Chung’s simulations. In a similar study it was found that Chung’s correlation 

could not accurately predict the regeneration performance  [46]. This is to be expected as the correlations 

were derived from conditioner performance values. Two statistical models of another TEG packed bed 

system were developed by Abdul-Wahab (2004) based on a regression analysis of the effectiveness 

correlations. The two models describing the dependency of the moisture removal rate and 

dehumidification effectiveness on various input parameters were found to be consistent with actual values 

[47]. 

To investigate the applicability of available effectiveness correlations, Elsarrag (2006) compared 

the predictions from Chung (1994), Martin and Goswami (1999), and Abdul-Wahab (2004) to 

experimental results obtained from a cross flow packed bed desiccant system run with TEG. Chung’s 

correlations were found to reasonably predict the mass transfer effectiveness, while Abdul-Wahab’s 

statistical models did not agree with the experimental results. Finally, the Martin and Goswami 

correlation only made adequate predictions when the desiccant-to-air flow ratios were high (>2.4) [48]. 

Effectiveness models have also been used to predict the performance of falling film desiccant 

systems. Khan and Martinez (1998) predicted the performance of a parallel-plate conditioner, and 
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compared the results to a simplified effectiveness model. Internally cooled systems can reach 

effectiveness values over 1 as the desiccant is cooled below its inlet temperature during the process. To 

avoid this, the study defined the minimum exit enthalpy and humidity for air in equilibrium with the 

desiccant at the inlet cooling water temperature, instead of the desiccant inlet temperature. The 

comparison found good agreement between the two models, with a maximum error of 8% [49]. In another 

study Khan (1998) compared a two-dimensional steady state numerical model to an effectiveness model 

for a parallel plate internally cooled desiccant system [50]. Under a variety of conditions, the study found 

the maximum error between the two models to be 14% [50]. 

2.1.3 Hybrid Desiccant Systems 

Hybrid systems combine the latent cooling capacity of liquid desiccant systems with the sensible 

cooling capacity of vapor compression systems. In their review, Mei and Dai (2008) found that although 

LDAC systems generally have the cooling capacity required for dehumidification, their applications are 

limited due to their size and unpredictable operation. They concluded that the addition of a heat pump into 

the system would enable the electrical consumption to remain low, while increasing cooling performance. 

This section will describe several hybrid liquid desiccant/heat pump systems and discuss their 

performance. 

In a survey of hybrid liquid desiccant air-conditioning systems Mohammad et al. (2013) described 

a variety of hybrid systems and compared them to vapour compression systems. It was found that the 

application of hybrid systems in hot and humid climates significantly reduces the size and power required 

of the vapour compression unit. This is due to the LDAC taking over the large latent cooling load. The 

literature discussed showed an increase in COP and energy savings of 23.1% – 73.8% and 26% – 80% 

respectively, when using a hybrid system over a conventional vapour compression system [51].  

Lowering the desiccant temperature before entering the conditioner results in a drop in surface 

vapor pressure, this increases the rate of moisture absorption and thus conditioner performance.   Lazzarin 

and Castellotti (2007) studied a commercial supermarket application of a hybrid system [52]. The unit 
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installed used a LiCl-H2O solution in the honeycomb cellulose media of the conditioner/regenerator to 

absorb and desorb moisture. The heat pump was used to cool the pre-conditioner desiccant solution, and 

heat the pre-regeneration desiccant solution and air, Fig. 5. The results from a traditional air-conditioning 

unit were compared to that of the hybrid system and it was found that the latter offered a reduction in AC 

energy consumption of up to 63% . 

 

Fig. 5 – Schematic of hybrid liquid desiccant dehumidification unit [52] 

A hybrid system studied by Yadav (1995) combined the evaporator with the desiccant conditioner, 

and the condenser with the regenerator. This system reduced losses from heat exchanges between 

multiple fluids as the desiccant and air were directly cooled by the refrigerant. Significant improvements 

were reported regarding the size requirements of the unit. At 90% latent heat load the hybrid system only 

needed 45% of the power a conventional VCS would use. Additionally, at high latent loads energy 

savings of up to 80% could be achieved [53]. Numerical modelling concluded that the hybrid system 

especially outperforms the VCS in hot and humid conditions. 

If the LDAC meets the latent cooling load necessary, it can be advantageous to add sensible 

cooling in the form of a vapour compression unit to the process-air stream. Ahmed et al. (1997) presented 
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a numerically modelled hybrid system which applied the sensible cooling of the vapour compression after 

the dehumidification process was completed. The system utilized a cooling tower for additional cooling 

of the desiccant and a solar regenerator to meet the systems thermal load requirements. It was again found 

that the hybrid system works well in hot and humid climates and can achieve a COP approximately 50 % 

higher than a conventional VCS [54]. A similar system was experimentally investigated by Dai et al. 

(2001). Their system produced an increase in cooling capacity of up to 30% compared over a VCS [55].  

A simulation study performed by Heleyleh et al. (2014) also used a VCS for post desiccant cooling 

of the process-air. Their system however, used a concentrated solar collector to provide heat for the 

regeneration process. The collectors also supplied heat for a Rankine cycle providing power for the VCS. 

The system produced significant decreases in energy consumption by adding desiccant dehumidification 

and a 50% decrease in fossil fuel consumption by utilizing solar energy [56].  

Kinsara et al. (1998) proposed a hybrid system with two heat pumps to study the effects of 

desiccant temperature, sensible heat ratio (sensible load/total load), and heat exchanger effectiveness on 

the system performance. One heat pump was used to provide cooling of the pre-conditioner desiccant and 

heating of the pre-regeneration desiccant. The other provided post process-air cooling and also supplied 

heat to the regeneration process.  It was found that the system performed better with low sensible heat 

ratios, and worse with lower heat exchange effectiveness [57]. 

2.1.4 Greenhouse Application of Liquid-Desiccant Air-Conditioning  

The application of liquid desiccant technology in greenhouses can be a promising method of 

providing the high latent cooling capacity they require. To date, limited research has been done on this 

application. 

Davies (2005) compared three alternative greenhouse cooling methods and their ability to provide a 

climate suitable for the growth of three different crops. The study was motivated by the dependence of 

countries in hot climates on importing food due to difficulties with crop cultivation. The three systems 

included in the study were a simple fan, a fan with evaporative cooler, and a fan with an evaporative 
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cooler and a solar driven liquid desiccant cycle. The study found that the addition of a liquid desiccant 

dehumidification system lowered the peak summer process-air temperature by 15°C over a system with 

just a fan, and by 5°C over a fan and an evaporative cooler. It was concluded that these temperature 

reductions would increase the optimal growing season of lettuce from 3 to 6 months, and of tomato and 

cucumber from 7 to 12 months [58].  

In another study, Lychnos and Davies (2012) theoretically modelled and experimentally validated 

the system described above [59]. After verifying the computer model, the system performance was 

predicted during hot summer months in Mumbai, Chittagong, Muscat, Messina, and Havana. The 

greenhouse climate conditions were then compared to that required for temperate, sub-tropical, tropical, 

and heat-resistant tropical crops (lettuce, soya bean, tomato, and cucumber respectively). The research 

concluded that the system could reduce the average daily maximum temperature by 5.5 °C – 7.5 °C. This 

would make it viable to grow lettuce throughout the year and create optimal growing conditions for 

tomato, cucumber, and soya beans. 

Longo and Gasparella (2012) studied the application of a LiCl liquid desiccant dehumidification 

system on a greenhouse in Northern Italy [60]. The experimental setup included two identical 

greenhouses used for the cultivation of ornamental flower crops. One greenhouse was equipped with a 

traditional greenhouse cooling system and the other with a novel liquid desiccant cooling system. The 

experimental results showed a 10% average energy saving during winter months as the LDAC was able to 

provide dry warm air to the greenhouse.   

The work performed in the present study is an extension of the research performed by Seemann 

(2013), which included the configuration and initial field-testing of an LDAC in a greenhouse in Southern 

Ontario  [8]. The study involved the system design of a thermal source, heat rejection, pumps and fans, 

plumbing and ducting, and sizing of the LDAC. After installation the unit was run and analyzed in detail 

for one day in spring and one day in summer. The latent and sensible cooling capacities were found to be: 

2.25kW and -0.25kW respectively, during the summer trial; and 1.25kW and -0.1kW respectively, during 
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the spring trial. Additionally, the thermal and electrical COPs of the system were calculated to be between 

0.15 and 0.52 and between 0.74 and 3.1, respectively. 

2.2 Greenhouse Environmental Control and Modelling 

Controlling the greenhouse microclimate is an important aspect of the greenhouse agricultural 

sector. There have been many traditional climate control approaches, the most common of which are 

outlined in this section. The traditional methods however require an open system as they use ambient air 

for cooling. Additionally, this section will present a discussion of greenhouse modelling methods that 

have been used to predict the thermal loads and solar gains. Finally, the benefit of closing off the 

greenhouse from the environment will be discussed as it offers many benefits in the form of energy 

saving and accurate microclimate control. Active cooling methods such as LDAC could allow for the 

closed greenhouse concept to be realized.  

2.2.1 Traditional Cooling Methods 

Greenhouse microclimate control plays an important role for crop growth and yield, and there have 

been many approaches for obtaining optimal conditions. Greenhouse cooling methods differ by 

geographic location, greenhouse size, and construction method. The air-conditioning load on a 

greenhouse structure is especially high due to the high temperature and relative humidity coupled with 

large solar gains. This section will discuss traditional cooling methods, the most common of which are 

natural and forced ventilation, evaporative cooling, and shading. In a review of these methods Sethi and 

Sharma (2007) concluded that none can meet all the requirements and that extensive analysis of potential 

solutions is needed to maximize economic savings [61]. 

Natural ventilation is a simple technique, which relies on a pressure differential between the hot 

indoor air and the cooler ambient air generated by density differenced, or by external wind. The hot air in 

the greenhouse rises and is exhausted through vents in the roof, ambient air is then drawn in through vents 

near the ground. This generates an airflow through the greenhouse structure. Alternatively, opening of the 

roof vents would allow the wind to blow the cooler ambient air in. Using a tracer gas technique, Bot 
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(1983) ran experiments on a full-scale greenhouse with roof vents. Measurements of ventilation rates 

under varying conditions concluded that natural ventilation due to temperature differential effects is only 

significant at wind speeds below approximately 2 m/s [62]. Models developed with computational fluid 

dynamics by Bartzanas et al. (2004)  [63] and Ouls Khaoua et al. (2006)  [64] were validated using a 

three-dimensional sonic anemometer and tracer gasses. The results given by these models indicated that 

ventilation can effectively contribute to greenhouse cooling, and that the optimal venting area was 

between 15%-30% of the total floor area. Poor control and dependence on ambient conditions makes 

natural ventilation a limited climate management technique for greenhouses with high cooling loads. The 

inclusion of fans and blowers is known as a forced ventilation system. These systems are capable of 

supplying far greater ventilation rates rendering them as a useful technique for greenhouse cooling. A 

model of a forced ventilation system developed by Willits (2003) demonstrated that no increased cooling 

performance could be realized with air flow rates above 0.05 m
3
/s per square meter of greenhouse floor 

area [65]. It was notable that the increase in energy use far outweighed the cooling return at high flow 

rates. 

Evaporative cooling can be an effective method of cooling greenhouses located in warm and dry 

climates. The two main methods of evaporative cooling are fog-mist and fan-pad [61]. A fog-mist system 

provides cooling using a high-pressure spray of small water droplets into the air, which, due to their small 

size, have low free fall velocities. This allows for extended contact time with the air and thus enabling 

high evaporation rates. This was experimentally validated by Lüshow and Von Zabeltitz (1992), who 

achieved a near complete evaporation effectiveness [66]. Another study found a 3°C temperature 

difference when comparing a greenhouse with a fog-mist system to one without [67]. Fan-Pad systems 

integrate forced ventilation into the evaporative cooling concept. The fan creates a forced air flow over 

the structured evaporation pad which is designed to increase contact surface area between the water and 

the air. Landsberg et al. (1979) used a model to show that temperatures can be reduced by 8°C to 12°C, 

which was validated with empirical results with a resulting COP of up to 60 [68]. Although evaporative 
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cooling shows promising cooling applications, its dependency on a dry climate reduces its feasibility in 

high humidity regions. 

Shading is a cooling method that reduces the heat gain of the greenhouse by controlling the amount 

of solar radiation transmitted through the cover. Typical methods of shading are external shading cloths, 

louvers or blinds, partial reflective screens, and liquid films. Shading methods have proven to be effective 

in reducing the greenhouse temperature. For example, the application of a reflective aluminized polyester 

sheeting (APS) was shown to lower the greenhouse climate temperature up to 4°C, by reducing 

transmitted solar radiation by 43% [61]. Although effective at reducing temperature shading does not 

address the need for dehumidification, and often needs human control to work effectively.  

2.2.2 Greenhouse Modelling 

Researchers have developed many methods of modelling the greenhouse microclimate to predict 

the impact of different heating and cooling systems. To understand the impact of the application of a 

LDAC these modelling techniques were investigated and will be presented in this section. Models 

become increasingly more complicated with the inclusion of sub-systems such as crop evapotranspiration, 

ground heat and moisture absorption, and glazing transmittance.  

 Dynamic models have been the most widely used tools to make predictions on the complex 

greenhouse microclimate. The Gembloux Greenhouse Dynamic Model (G.G.D.M.), first introduced by 

the Centre d’Etude pour la Régulation Climatique des Serres, stands out as a powerful tool for greenhouse 

climate analysis [69]. The G.G.D.M. method divides the complete greenhouse system into sub-models 

which can be calibrated separately, while keeping its boundary conditions constant. A detailed description 

of the G.G.D.M. model and validation methods can be found in the literature [70] [71]. In a comparative 

study between the G.G.D.M. and experimental results, researchers found the standard deviations for soil 

temperature, interior air temperature, relative humidity, and crop transpiration to be 0.5°C, 0.8°C, 4.3%, 

and 17.8W/m
2
 respectively [72]. Additionally, it was reported that the external wind speed and the angle 

of the roof vents had the greatest impact on the ventilation rate inside the greenhouse. Constant 



26 

 

improvement on the model has resulted in the Gembloux Dynamic Greenhouse Climate Model 

(G.D.G.C.M.) being developed, described in detail Pieters and Deltour (1997) [73]. The model includes 

the mass and energy exchanges between 7 internal layers (4 soil layers, 1 vegetation layer, 1 inside air 

layer, and a cover layer), which make up the system. The boundary conditions are defined by the subsoil, 

ambient air, and the sky.  This model was used by Pieters and Deltour (1999) to study the influence of 

greenhouse frame and cladding materials on solar transmittance into the structure. It was concluded that 

greenhouses catch about two thirds of the incident radiation, and that most of that energy is absorbed by 

the vegetation [69]. The two models described above can be very complex, simpler models can be found 

to have acceptable simulation results. 

 The TRNSYS modelling software can be used for the modelling and prediction of greenhouse 

microclimate behaviour. Type56 allows the user to model a structure with different thermal zones and 

building materials. In 1987, Fuller R.J. experimentally validated the TRNSYS model for a polyethylene-

covered unventilated greenhouse. A sensitivity analysis was performed for sky temperature, air 

infiltration, ground sink temperature, thermostat setting, internal and external heat transfer coefficients, 

incident solar radiation, cover transmittance and plant transpiration. The greatest error in daily maximum 

temperature was found to be 2.2° at 27°C [74].  

In a different study a TRNSYS model of an existing experimental greenhouse in central Italy was 

created. The goal of the study was to create a detailed model of a greenhouse structure, optimize 

resources, and verify the use of new energy systems for agricultural activities. After presenting an in 

depth mathematical analyses of the model, the researchers were able to validate it with experimental 

results. Additionally, it was found that the TRNSYS software provided extreme flexibility when 

developing the model [75]. 

The TRNSYS software can also be used to develop models for control systems for the greenhouse 

microclimate. Kolokotsa et al. (2010), presented a study on the application of two controllers that were 

prototyped in MATLAB and applied to a greenhouse TRNSYS model. While monitoring the greenhouse 
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indoor illuminance, temperature, relative humidity, CO2 content, and outside temperature the model was 

able to successfully control the heating units, motor-controlled windows and shades, artificial lighting, 

CO2 addition, and water fogging valves [76]. 

2.2.3 Closed Greenhouse Concept 

Much research has been done on the improvement of greenhouse crop production and energy and 

water consumption. Conventional greenhouse environmental control techniques generally include an open 

greenhouse concept, where ambient air is introduced to the greenhouse. These techniques however are 

energy intensive or limited by climate and seasons. The closed greenhouse concept creates a controlled 

growth environment which enables increased production yield, and water and energy conservation. 

Reducing the air exchanges with the ambient as much as possible, allows for more controlled greenhouse 

environment year-round.  

An increase in active cooling capacity lowers greenhouse dependency on the infiltration of ambient 

air. To study the correlation between greenhouse environmental independence and increased crop 

production, a comparison was made between a closed greenhouse (active cooling capacity of 700W/m
2
), 

two semi-closed greenhouses (300W/m
2 

and 150W/m
2
), and an open greenhouse [77]. The closed 

greenhouse suffered from a botrytis infection which greatly affected crop production, however at week 29 

the greenhouse showed a 14% increase compared to the open greenhouse. The 300 and 150 W/m
2
 

greenhouses showed crop production increases of 6% and 10% respectively compared to the open 

greenhouse. 

In another study modelling the energy conservation of a closed greenhouse researchers reported a 

reduction in fossil fuel based energy use of up to 35% [78]. The study also projected an increased yield of 

20% due to the increased CO2 saturation of the greenhouse climate. By enriching the greenhouse air with 

CO2 an optimal climate can be achieved for growing crops. In a study on the effect of constant CO2 

enriched greenhouse microclimates, a Dutch research group predicted a 22% increase in crop yield with a 

CO2 level of 500ppm in a closed greenhouse [79].  
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  Chapter 3

Experimental Setup 

 

The experimental apparatus installed by Seemann (2013) at the Agriculture Canada Greenhouse 

and Processing Crops Research Centre in Harrow, Ontario, was tested to study system performance and 

was used to validate the numerical model described in the following chapter. The research centre, tasked 

with the development of new production technologies for greenhouse crops, is one of nineteen 

Agriculture Canada research facilities.  

Boiler

Dry Cooler Liquid 
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Fig. 6 – Overview of system components and working fluid loops 

The main components of the dehumidification system are the liquid desiccant air handling unit, 

thermal source, and the heat rejection system. A full schematic of the experimental component 

configuration is shown in Fig. 6. The liquid desiccant air handling unit was located within the greenhouse 

structure to reduce the impact of weather changes on its operation. Included within the air handling unit 

were the conditioner, regenerator, desiccant sump, air cooling/heating heat-exchangers, and internal 
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pumps/blowers. The auxiliary heating and cooling systems were located on a concrete pad outside the 

greenhouse structure. Thermal energy was provided to the system by a gas powered boiler which heated a 

50% glycol/water solution. Heat rejection in winter was provided by a dry cooler which rejected heat 

from a 50% glycol/water solution to avoid freezing. The glycol solution was the working coolant in the 

LDAC unit. To provide more effective cooling in summer an evaporative cooling tower was used, with 

water as the working fluid. The water from the evaporative cooler absorbed heat from the process through 

a heat exchanger connected to the cooling glycol solution. The technical specifications for the system 

components are given in Appendix A, and a detailed description of the system configuration can be found 

in Seemann (2013). 

3.1 Greenhouse Structure 

The LDAC system was installed in a 50 m
2
 footprint test-greenhouse. It was constructed with an 

aluminum frame wrapped in a double-poly film, Fig. 7. The two sheets of polyethylene film were held in 

place with clips to prevent unnecessary perforations. To create a layer of insulation, the space between the 

two films was inflated by blower fans.  

 

Fig. 7 – Photograph of test greenhouse structure 
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The ducting for the process-air and scavenging-air supplies were modified from the configuration 

installed by Seemann (2013). The ducting mainly consisted of 6” PVC pipes. A CAD schematic of the 

modified greenhouse ducting is displayed in Fig. 8. The process-air intake was moved from the ground 

level to a height of approximately three meters. This enabled the air handling unit to draw in the warm 

humid air from the top of the greenhouse. Furthermore, the process-air outlet ducting arrangement was 

changed to ensure the treated air would be distributed among the crops as evenly as possible. This was 

achieved by dividing the air stream into four perforated 4” PVC tubes that ran under the crop stands. To 

overcome the pressure drop caused by the additional piping lengths, four 160 CFM fans were added 

during the course of this study. 

 

Fig. 8 – CAD model of greenhouse structure displaying the air ducting arrangement. 

3.2 Liquid-Desiccant Air Conditioner 

The liquid desiccant air conditioner used was a commercially available Advantix DH800 air 

handling unit. The unit was designed to work with an external thermal source. Four 8” duct inlet and 

outlets were located at the top of the unit for process and scavenging-air supply and return. Additionally, 

four pipe fittings were located on the side of the unit for heating and cooling supply and return liquids.  
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A schematic illustrating the location of the components and the fluid circulation loops is shown in 

Fig. 9. During operation, the lithium chloride solution was pumped from the desiccant sump via a cold 

solution heat exchanger to the conditioner. In the conditioner, the desiccant flowed through a honeycomb 

media designed to increase contact area between the desiccant and the air stream. Air entered the unit 

through the greenhouse ducting and was circulated through a pre-process air cooling coil. The cool and 

humid air was then directed upward through the conditioner’s honeycomb media where it came into 

contact with the liquid desiccant. After losing its moisture to the strong desiccant, the process-air was 

cooled or heated to the desired temperature with a post-process heat exchanger, Fig. 9. During operation, 

cooling glycol from the cooling systems was circulated through cold solution heat exchanger, the air pre-

process cooler, and the optional post-process-air cooling coil. 

 

Fig. 9 – Schematic of internal components, air flows, desiccant and glycol stream of the LDAC 

Similarly, in the regenerator, the weak liquid desiccant solution was pumped through a hot solution 

heat exchanger, and then over the regenerator honeycomb media. Scavenging-air was blown in from 
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outside the greenhouse and pre-heated in a heating coil. The scavenging-air then entered the bottom of the 

honeycomb media, where it absorbed moisture from the weak desiccant solution. The glycol from the 

heating system was used to heat the regeneration air, followed by the weak desiccant solution, and finally 

it was used to heat the process return air if this was required.  

3.3 Thermal Source 

The thermal energy needed for the regeneration process was provided by a RayPak HiDelta 101 

natural gas boiler, Fig. 10. The boiler was controlled by a signal from the LDAC unit, operating when 

regeneration was necessary. The boiler loop was charged with a 50% by volume glycol-water mixture to 

enable year-round operation. The glycol was circulated by a Grundfos Magna 32-100 variable speed 

pump installed with the expansion tank on the return line to the boiler.  

 

Fig. 10 – Photograph of RayPak HiDelta 101 natural gas boiler used in experiments 

3.4 Heat Rejection 

A CanCoil DFCS-012 dry cooler was used to enable winter operation, Fig. 11. A 50% glycol-water 

solution was the working fluid in the dry cooler to avoid freezing and was circulated by a Grundfos 

Magna 32-100 variable speed pump. The glycol solution was the working coolant in the liquid desiccant 

unit. For summer operation, when cooling to the dry-bulb temperature was not sufficient, an evaporative 

cooling tower was used. Cooling Tower Systems T-28 evaporative cooler was connected to the glycol 
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solution cooling loop through a heat exchanger, Fig. 11. This secondary cooling loop, driven by a 

Grundfos Alpha 15-55 circulation pump, was used to provide coolant at temperatures approaching the 

ambient wet bulb temperature.  

  

Fig. 11 – Heat rejection: photo of installed dry cooling unit, (LHS); and evaporative cooling tower, (RHS) 

3.5 Measurement Instrumentation 

The system was instrumented to measure the performance by monitoring liquid flow rates and 

temperatures, air flow rate/temperature/humidity, and the electrical current provided to several units. For 

a detailed description of the measurement procedure and instrumentation, and a description of 

measurement accuracy please refer to Seemann (2013) [8]. This section will provide a brief overview of 

the instrumentation used in the experimental setup. A schematic with the location of the measurement 

instruments can be found in Appendix B. 

The temperature and humidity of the process- and scavenging-air streams were measured using 

four Vaisala HMT-333 sensors. The stainless steel HMT-333 probes were placed as close to the LDAC 

unit as possible, to ensure accurate measurements. In the previous study the air flow rate was only 

measured for the process-air stream using a Paragon FX pitot-tube array. For the present work however, a 

second Paragon FX air flow station was installed to measure the scavenging-air flow rate. The process- 
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and scavenging-air flow meters produced a differential pressure which was read by the pressure 

transducers and converted into a mean fluid velocity using the equation for a pitot static tube.  

To measure the flow rate of the glycol through the heating and cooling loops, two electromagnetic 

flowmeters (Yokogawa AXF) were installed. The Yokogawa AXF flowmeters enabled accurate 

measurement in low flow systems and imposed a small pressure drop in the flow. The glycol inlet and 

outlet temperatures for the boiler and dry cooler loops were measured using four Omega, double 

thermocouple, probes. The probes each contained two independent thermocouples encased in a stainless 

steel probe. To ensure accurate of glycol temperatures entering and exiting the machine, the probes were 

immersed directly into the fluid as close to the liquid desiccant unit as possible. To reduce measurement 

errors, the two thermocouple values per probe were averaged. 

Four Sentry SL-100 induction current sensors were used to measure the current flowing to the 

LDAC unit, the boiler, dry cooler, and the evaporative cooling tower. This allowed the electrical power 

consumption for individual units, and the system as a whole, to be used to determine system performance. 

A Campbell Scientific CR1000 data acquisition system was used to log the measurement data from 

the system. In order to increase the number of measurement ports available, an AM 16/32B multiplexer 

was added. The data logger recorded the raw voltages and converted them into measured values using the 

pre-programmed individual calibration constants. The voltage recording guaranteed a backup of the data 

in case a calibration error was to present itself and enabled future data manipulation. Measurements were 

taken every minute, however, to ensure the data-logger memory was not exceeded, the data-logger would 

record the 5-minute average. At midnight of each day the system would send a text file containing a data 

table with the recoded results to a predefined account. A schematic of the CR1000 and AM16/32B with a 

terminal list for the measurement instruments is provided in Appendix B. 
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  Chapter 4

Model Development 

 

4.1 Transient System Simulation Tool (TRNSYS) 

The experimental system was modeled in TRNSYS, a transient simulation program used to 

iteratively solve complex thermal systems. The software allows the use of defining parameters to 

characterize individual components. These components are then connected to each other in the desired 

configuration through a series of inputs and outputs. When a full system model has been built, TRNSYS 

assembles the applicable order of operations into a control deck, which is used by the numerical equation 

solver. The TRNSYS software package includes a large library of pre-programmed components, called 

“Types”, including heat exchangers, boilers, heat-pump models, etc. Additionally, the TRNSYS software 

allows the user to develop and add custom components for increased flexibility. The present work used 

custom components to model the conditioner, regenerator and desiccant sump. The greenhouse was 

modelled using TRNBuild software, which is a sub-program of TRNSYS that was used to calculate the 

building loads under various conditions.  

4.2 Case I: Base LDAC (B-LDAC)  

The base case (B-LDAC) represents the experimental setup described in Chapter 3. During the 

development of the simulation, several modification and additions to the setup were made, which will be 
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discussed in this section. A simplified schematic of the B-LDAC component configuration is shown in 

Fig. 12.  
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Fig. 12 – Schematic of the B-LDAC system 

4.2.1 B-LDAC Model Overview 

The model of the LDAC unit included the conditioner, regenerator, sump, three air-liquid heat 

exchangers, and two liquid-liquid heat exchangers. A custom Type (Type266) was developed to simulate 

the operation of the conditioner and regenerator. Another custom Type, developed at the Queen’s Solar 

Calorimetry Lab, was used to model the desiccant sump (Type299). The other components in the LDAC 

unit were modelled using standard Types from the TRNSYS library. The LDAC unit was a complicated 
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part of the TRNSYS simulation. Therefore, the model of the desiccant unit was validated using measured 

results. The mathematical description of the custom components, along with a comparison between 

predicted and measured results for the LDAC unit, can be found in Section 4.4.  

The greenhouse structure was modeled using TRNBuild, a TRNSYS sub-program. TRNBuild 

allows the user to import the structural specifications from a CAD model and subsequently provide 

additional parameters, such as materials, thermal gains, and shading features. The TRNBuild file is read 

by Type56 in the TRNSYS operation. The modelling approach and mathematical description behind the 

greenhouse model used for this study can be found in Section 4.5. 

A complete TRNSYS model of the B-LDAC system is shown graphically in Fig. 13. Standard 

Types from the TRNSYS library were used to model the auxiliary heating and cooling units, the 

controllers, valves, pumps, heat exchangers, etc. The Type numbers used for the standard components are 

listed in Table 2. The mathematical description for each Type can be found in the TRNSYS component 

manual [80]. For a detailed description of the parameters and inputs to each component, please refer to 

the BL-LDAC TRNSYS deck file in Appendix H. 

Table 2 – TRNSYS Types used in B-LDAC system 

Component Type # 

Weather File 15 

Psychrometrics 33 

Pumps 645 & 3d 

Sensible heat exchangers 91 

Regen air heater 670 

Evaporative cooler 51a 

Dry cooler 511 

Forced functions 14 

Diverting/converging valves 11 

Controllers 2 
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Fig. 13 – Schematic of the B-LDAC TRNSYS model where, dark blue lines represent cooling water, light blue lines represent cooling glycol 

solution, pink lines represent desiccant solution, red lines represent heating glycol solution, green lines represent process air flow, and 

orange lines represent regeneration air flow 
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The Type15 Weather Data Processor component provided the necessary data to study the 

performance of a system on an annual basis. The weather data is produced from Typical Meteorological 

Year 2 files (TMY2). TMY2 weather data files are generated by NREL to provide hourly meteorological 

variables including ambient temperature and humidity, and solar radiation for a variety of locations [81]. 

The weather data for Harrow, ON, is not included in the TMY2 library. As an alternative, the data for 

Detroit, MI which lies 40 km from Harrow, was used as it was the nearest location available. 

The operation of the simulation components was run by an ON/OFF methodology, controlled by 

two thermostats and a humidistat. The TRNSYS Type used for each of these components was the 

differential controller Type2b. The output value of the controller is determined by comparing the 

difference between the upper and lower input values and the two dead band temperatures. The set point 

temperatures and dead bands for each controller, including the components they control, are displayed in 

Table 3. It should be noted that the LDAC space heating control is only effective if the LDAC system is 

operational. 

Table 3 – Controller configuration for the B-LDAC model 

    Set Point Lower DB3 Upper DB3 Condition LDAC Cooling1 Boiler Space Heating 

Humidistat 70% -10% 10% RH>SP   


Thermostat Cool 25°C -2°C 2°C T>SP 
 


  

Thermostat Heat 19°C -1°C 3°C T<SP       
2


1 Dry cooling in November through March; Evaporative cooling tower in April through October 
   

2 The space heating function of the LDAC only operates if the humidistat controller is also set to high 

3 e.g., the lower and upper dead band limits for greenhouse relative humidity were 60% and 80%, respectively 

 

The power consumptions of the B-LDAC components, based on the experimentally measured 

power consumption and the manufacturers data, are shown in Table 4. The LDAC component contains 

the desiccant pumps, process and scavenging-air fans and LDAC controls. The operation of the dry cooler 

includes the power consumption of the glycol circulation pump. The cooling tower operation includes the 

power consumption of the glycol pump and the water circulation pump.  
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Table 4 – Power consumption of B-LDAC system components 

Component W 

LDAC 1200 

Dry Cooler + Pump 1860 

Cooling Tower + Pumps 905 

Heating Pump 160 

 

4.2.2 Working Fluid Flows 

The process-air flow rate is an important factor in the cooling capacity of the LDAC unit. The 

process-air flow rate in the experimental trials was measured to be approximately 750kgh
-1

 (360CFM), 

which was less than 50% of the LDAC’s rated flow rate. During the development of the model, annual 

simulations of the system were run to study the influence of process-air flow rate on the performance of 

the system. The predicted average latent cooling capacity of the B-LDAC simulation with varying process 

air flow rates is shown in Fig. 14. Based on this analysis on the influence of process-air flow rate on 

system performance, a base process-air flow rate of 1200 kgh
-1

 (576 CFM) was chosen. This puts the air 

flow rate at approximately 75% of the manufacturer’s rated open system flow rate and accounts for the 

pressure drop in the greenhouse ducting. The flow rates used for the other working fluids based on the 

experimental setup are presented in Table 5. 
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Fig. 14 – Change in average monthly latent cooling capacity with conditioner air flow rate of 800, 

1200, and 1600 kgh
-1

 

  
 

Table 5 – Flow rates of working fluids in the B-LDAC model 

Stream Flow [kgh-1] 

Desiccant solution 430 

Glycol solution cool 1600 

Glycol solution heat 2100 

Process-air 1200 

Regen-air 300 

Cooling water 600 

 

4.2.3 Heat Recovery Ventilator 

To reduce the thermal energy footprint of the system an HRV component was included. The HRV 

was modelled with Type91 with the constant effectiveness value set to .8, this was based on typical values 

for commercial air to air heat exchangers [82]. An energy analysis of the system revealed a significant 

portion of the heat provided by the boiler was lost through the rejection of hot scavenging-air. Cool and 

dry ambient air is heated before entering the regeneration cycle to increase its potential to absorb 

moisture. When the air leaves the regenerator it has gained moisture but also retained all of its heat. The 

addition of an HRV to the incoming and outgoing scavenging-air streams, was therefore included in the 
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B-LDAC model to improve the system’s thermal energy profile. The HRV was able to supplement the 

incoming ambient air stream with sufficient energy that the regeneration air heat exchanger was no longer 

required. The heating glycol solution was therefore used to heat the desiccant before the regeneration 

process and, when necessary, to heat the exhaust process air. 

 

Fig. 15 – Average monthly thermal energy provided by the boiler for the regeneration process 

Annual simulations of the B-LDAC system with and without the HRV component were run to 

study the effect on the thermal energy consumption. The total monthly thermal energy (displayed in 

kWhm
-2

) supplied to the regeneration process is shown in Fig. 15. On average the addition of an HRV 

saved 26% in boiler energy consumption.  

4.2.4 B-LDAC Simulation Performance Indices 

The eCOPdehum, defined in Equation 4.2.1, represents the ratio of latent cooling to the electrical 

power consumption of the B-LDAC system. Between summer and winter seasons the electrical power 

consumption of the system will vary due to the change in cooling components. 
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The tCOPdehum is defined as the ratio of latent cooling to thermal energy supplied by the boiler 

specifically used for the dehumidification process. Thus the thermal energy supplied for space heating (

HQ ) is subtracted from the total energy supplied by the boiler, Equation 4.2.2. 

dehum
dehum

thermal H

Q
tCOP

P Q



        (4.2.2) 

The electrical and thermal COPtotal are defined by the ratio of the sum of latent and sensible 

cooling, and heating provided by the LDAC unit to the electrical and total thermal energy consumption, 

respectively. Therefore, these COPs represent the ratio of useful energy transfer to the electrical and 

thermal energy consumption. The equations defining these variables are presented below: 

L S H
total

electrical

Q Q Q
eCOP

P

 
         (4.2.3) 

L S H
total

thermal

Q Q Q
tCOP

P

 
         (4.2.4) 
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4.3 Case II: Heat Pump LDAC (HP-LDAC)  

The B-LDAC system described above was modified to include a heat pump for the thermal energy 

transfer. A limitation of the B-LDAC model configuration is the constant cooling and heating 

requirements of the dehumidification and regeneration cycles in the system. The application of a heat 

pump on the cooling and heating liquids was therefore studied to analyse system performance and energy 

consumption. A schematic of the HP-LDAC system is shown in Fig. 16.   
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Fig. 16 – Schematic of proposed HP-LDAC system 
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4.3.1 HP-LDAC Model Overview 

In this model a liquid-to-liquid heat pump (Type927) was used to simultaneously provide cooling 

and heating to the LDAC system. The modelling approach for Type927 is described in Section 4.6. The 

heat pump component was assumed to be placed within the greenhouse structure allowing the cooling and 

heating liquids to be switched to water. Without the risk of freezing, water is preferred over glycol due to 

its high heat capacity, low cost, and chemical stability.  

When only the heat-pump was used, the lack of heat rejection from the system in summer months 

caused the cooling water to reach temperatures outside the heat-pump manufacturer’s recommended 

range. An evaporative cooling tower was therefore included in the cooling liquid loop, Fig. 16. The 

operation of the cooling tower was controlled by a thermostat on the cooling liquid, and by a forcing 

function governing what months of the year it was able to operate. The forcing function allowed cooling 

tower operation in April through October. It was assumed that in the other remaining months valves 

would keep the cooling water within the greenhouse structure to avoid freezing. 

The HRV in the HP-LDAC system was controlled by a thermostat connected to the greenhouse air. 

This ensured the system would reject heat from the working fluids when the greenhouse temperature was 

too high. If the greenhouse temperature was below the set point however, the HRV would transfer heat 

between the scavenging-air streams to maintain an optimal regeneration temperature in the heating water. 

To enable the control of the HRV, Type 760 was used. Type 760 uses the same mathematical principles 

as the sensible heat exchange, but includes a control signal as an input. 

The greenhouse, LDAC unit, and the standard TRNSYS components were the same as were used in 

the B-LDAC simulation. A complete TRNSYS model of the B-LDAC system is shown graphically in 

Fig. 17. For a detailed description of the parameters and inputs to each component, please refer to the BL-

LDAC TRNSYS deck file in Appendix H. 

The cooling and heating water flow rates were set according to the rated flow rated for the HP [83]. 

The working fluid flow rates are shown in Table 6. 
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Table 6 – Flow rates of working fluids in the HP-LDAC system 

Stream Flow [kgh-1] 

Desiccant solution 430 

Water cool 675 

Water heat 900 

Process-air 1200 

Regen-air 300 

 

The operating modes for this system are controlled by an air thermostat, a coolant thermostat, and a 

humidistat (modelled using Type2b). The output from the humidistat or the air thermostat controls the 

operation of the LDAC unit and the HP. If the greenhouse air is either too hot or too humid the system 

will activate. Additionally, the air thermostat controls the operation of the HRV, as described above. The 

cooling water thermostat controls the operation of the evaporative cooling tower. If the cooling water 

temperature rises above the set point of 25°C the evaporative cooling tower will provide supplemental 

cooling. The set point temperatures and dead bands for each controller, including the components they 

control, are displayed in Table 7. 

Table 7 – Controller configuration for the HP-LDAC system 

    Set Point Lower DB3 Upper DB3 Condition LDAC HP CT HRV 

Humidistat 70% -10% 10% RH>SP  
  

Thermostat Cool Air 25°C -2°C 2°C 
T>SP  

  
T<SP 

   


Thermostat Cool Water 25°C -2°C 2°C T>SP 
  


1




1 Cooling Tower operation was only available in April through October 
 

   2 The cooling water is not sent through the post process-air heat exchanger 

   3 
e.g., the lower and upper dead band limits for greenhouse relative humidity were 60% and 80%, 
respectively    
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Fig. 17 – Schematic of the HP-LDAC TRNSYS model where, dark blue lines represent cooling water, light blue lines represent cooling  

  water, pink lines represent desiccant solution, red lines represent heating water, green lines represent process 

  air flow, and orange lines represent regeneration air flow. 
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The power consumptions of the HP-LDAC components based on the experimental draw values and 

the manufacturer’s data are shown in Table 8. The LDAC component contains the desiccant pumps, 

process and scavenging-air fans and LDAC controls. The cooling tower operation includes the power 

consumption of the glycol pump and the water circulation pump. 

Table 8 – Power consumption of HP-LDAC system components 

Component W 

LDAC 1200 

Heat Pump 900-1700 

Cooling Water Pump 160 

Heating Water Pump 160 

Cooling Tower + Pump 905 

 

4.3.2 HP-LDAC Simulation Performance Indices 

The dehumidification performance of the system is quantified with the eCOPdehum, defined by the 

ratio of latent cooling capacity to electrical power consumption, Eqn. 4.3.1.  

dehum
dehum

electrical

Q
eCOP

P
         (4.3.1) 

The eCOPtotal is the ratio of total useful cooling capacity over the electrical power consumption. 

Since the HP-LDAC system does not provide supplemental heating, the eCOPtotal does not include a 

sensible heating value (Eqn. 4.3.2). 

L S
total

electrical

Q Q
eCOP

P


         (4.3.2) 

The electrical power consumption includes the LDAC, heat pump, cooling tower, and liquid 

pumps. 
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4.4 Liquid Desiccant Air Conditioner Model Development 

This section presents the Types used to model the different LDAC unit components. The 

experimental LDAC, described in Chapter 3, contained the conditioner, regenerator, and sump, as well as 

all heat exchangers, pumps, and valves. Each component was modelled individually using either 

TRNSYS library components or custom components. A schematic of the internal components is shown in 

Fig. 18. 
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Fig. 18 – Schematic of the LDAC system with heating and cooling heat exchangers 

Desiccant-glycol, and air-glycol heat exchangers were represented by the fixed efficiency model in 

Type91. The pumps were modelled using Type654. A custom Type266 used for the conditioner and 

regenerator was developed as a part of this study. The sump model, Type300, was previously developed 

at the Queen’s Solar Calorimetry Lab and is also described in this section [84]. The validation of the 

model developed for the LDAC system is discussed in Section 4.4.3. Additionally, a parametric analysis 

of the LDAC unit was conducted and is presented in Appendix F. The inputs that were varied include, 
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NTU of the absorber/regenerator, air inlet temperature, air inlet humidity, coolant temperature, and 

heating liquid temperature. 

4.4.1 Heat and Mass Exchanger Modelling Approach (Type266) 

A custom TRNSYS Type was created to model the packed bed liquid desiccant 

absorber/regenerator as a part of the present work. The effectiveness model used for this simulation was 

based on the method proposed by Stevens (1989) which was derived from the governing equations of heat 

and mass transfer in cooling towers [44]. Fundamentally, the heat and mass transfer characterization of 

desiccant systems and of cooling towers components are very similar, where the mass transfer is driven 

by the difference in vapour pressure in the liquid and the partial vapour pressure of the air. One important 

difference is the liquid desiccant’s ability to absorb as well as desorb moisture, whereas a cooling tower 

can only humidify the air.  

Fig. 19 presents a flow chart for the analytical model. Using the equations described in this section, 

in conjunction with the properties of air and desiccant, the outputs were calculated for each time-step in 

the model. The FORTRAN solution algorithm is included in Appendix D. 

The derivation of the effectiveness model from a finite-difference model of the heat and mass 

exchanger can be found in Stevens (1988) [85]. Stevens’ effectiveness model was modified to include a 

function for the equilibrium vapor pressure between the air and desiccant using the equations developed 

by M. Conde (2009) [27]. The following assumptions were made in the derivation of the model: 

1. The Lewis number is approximately equal to one. 

2. The mass flow rate through the chamber is constant. 

3. The chamber is adiabatic. 

4. The specific heat of the air and desiccant are constant with respect to temperature and 

concentration. 

5. There is no carryover of desiccant to the air stream. 
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Parameters:

-Product of mass transfer coef. and area

-Tolerance on solution temperature iteration

Guess the solution outlet temperature

Calculate NTU, saturation specific heat, capacitance ratio, and effectiveness, air outlet 

enthalpy and the solution outlet enlthalpy

Find the effective saturation enthalpy and use it with a saturated condition to find the 

effective saturation humidity ratio

Find the air outlet humidity ratio

Calculate air and solution outlet conditions

Outlet solution temperature: 
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Use calculated 
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Finish
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Fig. 19 – Flow chart of the analytical model used to simulate the performance of the heat and 

mass exchanger 

The mass and energy balance equations for the liquid desiccant stream are given by Eqns. 4.4.1 and 

4.4.2.  

, ,( )sol in in sol in abs outm X m m X         (4.4.1) 

, , , , , ,( )sol in sol in a a in a out sol out sol outm h m h h m h                (4.4.2)   

The mass balance for the air stream includes the mass transfer coefficient 
Dh  and is defined in 

Equation 4.4.3. 

,( )
sola in a out D V T sat inm m h A dV            (4.4.3) 
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 The heat transfer coefficient is defined and applied in the air stream energy balance: 

, , , , ,( ) ( )
da a in a a out C V sol in a in f T a in outm h m h h A dV T T h m          (4.4.4) 

The enthalpy of water vapor at desiccant temperature, 
, df Th , is defined as the sum of the vapour 

enthalpy at 0°C and the product of the desiccant temperature and the vapour specific heat (Eqn. 4.4.5). 

The desiccant enthalpy is defined as the sum of the solution enthalpy at 0°C and concentration X and the 

product of the solution specific heat and temperature (Eqn. 4.4.6). The enthalpy of moist air is defined as 

the sum of the product of the moist air specific heat and the air temperature, and the product of the 

humidity ratio and the enthalpy of water vapor at 0°C (Eqn. 4.4.7). 

, , ,0solf T p va Cp sol fh c T h          (4.4.5) 

, 0 ,sol p sol s XColh c T h           (4.4.6) 

, ,0a p a a f Cah c T h           (4.4.7) 

The values of NTU and the Lewis number for the system conditions are defined by the following 

two equations:  

d V T

a

h A V
NTU

m
         (4.4.8) 

,

C

D p m

h
Le

h c
          (4.4.9) 

The saturation specific heat is defined as the derivative of the saturated air enthalpy with respect to 

temperature. 

,solT sat

sat

sol

dh
C

dT
          (4.4.10) 

The capacitance ratio used in this model is similar to the capacitance ratio used in sensible heat 

exchanger and is defined by Eqn. 4.4.11. 
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*

,

a sat

sol p sol

m C
m

m c
          (4.4.11) 

 The same relationship that is used for heat exchanger counter-flow NTU-effectiveness can be 

applied to this model. 
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        (4.4.12) 

 Using the effectiveness value, the outlet air enthalpy can then be calculated (Eqn. 4.4.13). An 

‘effective’ saturated state can then be found which results in the correct outlet enthalpy, Eqn. 4.4.14.  

, , , , ,( )
sola o a i T sat i a ih h h h          (4.4.13) 

. ,

, , ,
1sol

a o a i

T sat eff a i NTU

h h
h h

e


 


       (4.4.14) 

With this effective saturation enthalpy, the corresponding effective humidity ratio can be 

determined, and is used to calculate the outlet humidity ratio (Eqn. 4.4.15). 

, , , , , ,( )
sol sol

NTU

a o T sat eff a i T sat eff e             (4.4.15) 

 Once the outlet air humidity ratio has been determined. The mass and energy balances of the air 

and desiccant streams can be used to determine the outlet conditions. For the solution algorithm used by 

the TRNSYS component, please refer to Appendix D. 

4.4.2 Sump Modelling Approach (Type300) 

The conditioner and regenerator drained into and drew desiccant from the sump at the base of the 

LDAC unit. Type300 modeled the sump as a fully mixed storage container, therefore the temperature and 

concentration of the desiccant entering the conditioner and regenerator were identical.  

The desiccant can be subdivided into the mass of LiCl and the mass of water, which are both 

preserved during operation. Due to the changing volume and mass of the desiccant, the mass balances 
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describing the solid and liquid components are characterized by differential equations. Eqns. 4.4.16 and 

4.4.17 give the mass balances for the water and LiCl respectively, 

,

1 1 2 2 1 2

, ,

(1 ) (1 ) ( )
w sumpLiCl

sump

LiCl sump w sump

mdm
m X m X V V

dt m m
     


   (4.4.16) 

,

1 1 2 2 1 2

, ,

( )
LiCl sumpw

sump

w sump LiCl sump

mdm
m X m X V V

dt m m
   


     (4.4.17) 

sol w LiClm m m            (4.4.18) 

where
wm , 

LiClm , and 
solm  are the masses of water, LiCl, and total desiccant solution respectively, 

sump  is 

the density of desiccant in the tank, 
1V  and 

2V  are the volumetric flow rates from the two sump outlets 

leading to the conditioner and regenerator, and 
1m  and 

2m  are the mass flow rates from the conditioner 

and regenerator entering the sump. 

The energy balance for the sump is given by Eqn. 4.4.19, 

1 1 2 2 1 2 ,( ) ( )
sump

p p sump p sump sump sump amb

dQ
m c T m c T V V c T UA T T

dt
         (4.4.19) 

where, UA is the overall loss coefficient. A detailed description of how Type300 solved the above 

differential equations can be found in Crofoot (2012) [86]. 
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4.4.3 LDAC Model Validation 

Eight data sets of varying duration were selected for comparison to the results predicted by the 

TRNSYS model. The lengths and dates of each set is presented in Table 9.  Fig. 20 shows the 

experimental and predicted daily average latent, sensible, and total cooling capacities. The simulation 

predicted the overall latent and total cooling capacity to within 5% and 6% of the experimental results, 

respectively. Both the experimental results and the simulation showed negative sensible cooling, with the 

predicted values being within 13% of the experimental values. 

Table 9 – Range op operating days and hours of operation for selected periods. 

Set  

 

A B C D E F G H 

Start Date July 6th  July 11th  July 16th  July 18th  July 28th  August 9th  August 13th  August 15th  

End Date July 8th  July 12th July 17th July 19th July 29th
 August 11th  August 14th  August 16th  

Hours of 

operation 
30 hours 15 hours 17 hours 14 hours 12 hours 36 hours 13 hours 13 hours 

 

 

Fig. 20 – Predicted and experimental average daily latent and total cooling capacity 

The measured and predicted results above suggest the model is an accurate tool to predict the 

operation of the experimental LDAC. The results of the other periods compared are presented in Table 10. 
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Table 10 – Comparison of simulated and predicted results for the 8 periods 

  
A B  C D 

  
EXP SIM DIFF EXP SIM DIFF EXP SIM DIFF EXP SIM DIFF 

P
ro

ce
ss

 

Humidity Ratio In 

[gkg-1] 
13.3 - - 11.9 - - 12.4 - - 14.7 - - 

Temperature In 

[°C] 
23.1 - - 21.8 - - 22.7 - - 24.3 - - 

Humidity Ratio 

Out [gkg-1] 
8.2 8.3 1.2% 7.0 6.9 -1.2% 7.3 7.3 -0.2% 9.5 9.3 -2.4% 

Temperature Out 

[°C] 
25.4 25.2 -0.8% 24.7 24.4 -1.3% 25.2 24.9 -1.3% 26.8 27.1 0.8% 

S
ca

v
en

g
in

g
 

Humidity Ratio In 

[gkg-1] 
13.8 - - 13.3 - - 13.6 - - 15.5 - - 

Temperature In 

[°C] 
22.0 - - 21.2 - - 21.8 - - 23.7 - - 

Humidity Ratio 

Out [gkg-1] 
23.3 21.8 -7.2% 21.1 20.2 -4.8% 20.6 20.0 -3.2% 24.9 22.1 -12.9% 

Temperature Out 

[°C] 
42.1 43.7 3.7% 42.4 44.6 4.9% 39.0 44.1 11.7% 39.5 44.1 10.4% 

C
o

o
li

n
g
 Latent [kW] 2.3 2.3 -1.4% 2.2 2.3 2.6% 2.3 2.3 -0.1% 2.4 2.5 3.0% 

Sensible [kW] -0.5 -0.4 -9.3% -0.6 -0.5 
-

10.9% 
-0.5 -0.5 -12.7% -0.5 -0.6 7.7% 

Total [kW] 1.9 1.9 0.5% 1.7 1.8 6.5% 1.9 1.9 3.0% 1.9 1.9 1.6% 

  

E F G H 

  

EXP SIM DIFF EXP SIM DIFF EXP SIM DIFF EXP SIM DIFF 

              

P
ro

ce
ss

-a
ir

 

Humidity Ratio In 

[gkg-1] 
13.6   13.5 - - 12.6 - - 12.2 - - 

Temperature In 

[°C] 
23.5   23.6 - - 23.6 - - 22.3 - - 

Humidity Ratio 

Out [gkg-1] 
8.7 8.9 2.8 8.3 8.5 1.7% 7.8 7.8 0.6% 7.5 7.3 -1.6% 

Temperature Out 

[°C] 
26.1 26.1 -0.1 26.5 26.5 0.3% 26.2 26.1 -0.3% 25.1 25.1 0.0% 

S
ca

v
en

g
in

g
-a

ir
 

Humidity Ratio In 

[gkg-1] 
14.6   15.0 - - 13.8 - - 14.0 - - 

Temperature In 

[°C] 
22.7   23.4 - - 23.2 - - 21.7 - - 

Humidity Ratio 

Out [gkg-1] 
23.0 22.1 -4.3 22.8 21.3 -7.1% 21.3 20.3 -4.8% 22.1 20.3 -8.6% 

Temperature Out 

[°C] 
38.8 43.4 10.6 42.5 44.3 4.0% 42.5 44.4 4.3% 42.4 44.3 4.4% 

C
o

o
li

n
g
 Latent [kW] 2.2 2.1 -4.7 2.4 2.3 -3.2% 2.2 2.2 0.2% 2.2 2.2 2.7% 

Sensible [kW] -0.5 -0.5 -1.4 -0.6 -0.6 2.8% -0.5 -0.5 -2.0% -0.6 -0.6 0.7% 

Total [kW] 1.7 1.6 -5.8 1.8 1.7 -5.3% 1.7 1.7 0.9% 1.6 1.7 3.3% 

 



57 

 

To illustrate the level of agreement between the experimental and predicted results, results for the 

36-hour test period E are presented in more detail. The data starts at 18:00 on August 9
th
 and runs until 

06:00 on August 11
th
. Fig. 21 shows the experimental and predicted process-air outlet temperature. A 

close agreement was seen in predicted process-air temperature, with a maximum average error of 1.5% 

for the 8 test days. The temperature of the air leaving the conditioner was higher than the entering air, 

resulting in the negative sensible cooling seen in Fig. 20. Fig. 22 shows the humidity ratio of the process-

air stream entering and exiting the conditioner in gkg
-1

. The model predicted the outlet air humidity ratio 

to within 3% over the 8 test days. The difference between inlet and outlet air humidity ratios led to an 

average moisture removal rate of 3.5 kghr
-1

. 

 

Fig. 21 – Measured and predicted process-air out temperature 
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Fig. 22 – Measured and predicted process-air humidity ratio 

The measured and predicted latent and sensible cooling rates are shown in Fig. 23. During the 36-

hour test period, the system achieved a maximum latent cooing capacity of 3.20 kW with an average of 

2.22 kW. The sensible cooling capacity remained negative during the entire testing period, revealing a 

sensible heat gain in the process-air. The average sensible cooling rate was -0.54 kW. The model 

predicted the latent and sensible cooling rates within 4.7% and 1.4%, respectively. 

 

Fig. 23 – Measured and predicted latent and sensible cooling rates 
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were limited by the dry bulb temperature and wet bulb temperature respectively. The dependency of the 

system cooling capacity on the ambient temperature greatly impacts the performance during summer 

months as outside air temperatures rise.  

 

Fig. 24 – Predicted and measured cooling liquid temperature 

The regenerator inlet and outlet air temperatures and humidity ratios are shown in Fig. 25 and Fig. 

26. On average, the predicted outlet air temperature was 4°C higher than the measured results. This 

constant error in temperature prediction was most likely due to the lack of a heat loss coefficient in 

Type266. The high operating temperature of the regenerator would promote heat transfer to the exterior. 

The maximum difference seen in scavenging-air out humidity ratio was 3 gkg
-1

 or 11%. The average 

measured moisture removal rate (MRR) achieved by the regenerator was -2.35 kg/hr. 
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Fig. 25 – Scavenging-air inlet, measured and predicted outlet temperature 

 

Fig. 26 – Scavenging-air inlet, measured and predicted outlet humidity ratio 

The thermal input of the system is an important metric in determining the thermal coefficient of 

performance. Therefore, the inlet and outlet temperature of the heating liquid are presented in Fig. 27. The 

peaks observed in the heating liquid temperature at the inlet are caused by the firing of the natural gas 

boiler to maintain the heating liquid at its set-point. It can be seen that there is a good agreement between 

the measured and predicted outlet heating liquid temperatures. This suggests that the error in scavenging 

outlet temperature stems from the heat and mass exchanger model operating at high temperatures.  
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Fig. 27 – Measured and predicted heating liquid temperature 

To summarize, the model of the LDAC was validated by comparisons with measured data. Over 8 

trial periods, the model predicted the latent and total cooling capacities to within 5% and 6%, 

respectively. Outlet conditions of the air, desiccant and cooling liquid streams were presented and agreed 

with the experimental results. The temperature and humidity of the scavenging air stream were predicted 

least accurately, with an average error over the eight days of 6.7% and 6.6% respectively. 

A parametric analysis of the validated model revealed improved system performance in hot and 

humid conditions. Additionally, it was shown that the temperature of the cooling and heating liquid 

entering the conditioner and the regenerator have a significant impact on the process air outlet 

temperature and humidity. Increasing the NTU of the heat and mass exchangers between 1 and 5 

significantly improved system performance, after which any additional increase had little effect. 
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4.5 Greenhouse and Crop Component Models 

The TRNSYS simulation software component, Type56 which was originally developed to model 

multi-zone buildings, was used in the present work to model the greenhouse structure [87]. The loads 

associated with solar gains, lighting, infiltration and ventilation were incorporated into Type56 as user-

defined inputs. The implementation of internal gains allows the user to include custom loads into the 

greenhouse structure, for example the heat and moisture transfers associated with crop evapotranspiration. 

The sections below outline the modelling approaches used for the greenhouse building, crops, and 

artificial lighting.  

4.5.1 Greenhouse Modelling Approach 

The first step in creating the greenhouse model with Type56 concerned the construction of the 

building, which was performed in several subprograms. Due to the building design complexity, Type56 

used external files (building file, *.BUI) generated by a supplementary pre-processor program called 

TRNBuild to model the thermal behavior of a building. The parameters of the building structure and 

orientation were pre-defined using a TRNBuild plugin called Trnsys3d in the Google SketchUp software. 

This provides the user with a simplified visual building design process by allowing the models to be 

created with CAD. The TRNBuild program allows the user to define external and internal gains for the 

structure. This feature was used to set in the minimum internal greenhouse temperature to 17°C, which is 

near the lower range of optimal plant growth [22]. The space heating energy supplied to the greenhouse 

was then recorded as an output of Type56. 

The structure of the greenhouse was modeled with the dimensions of the experimental setup. The 

completed CAD structure was implemented into TRNBuild, after which the values and geometric, 

physical and thermal properties of the greenhouse were specified. The window characteristics were 

chosen from the TRNSYS window library, which contains a broad selection of windows with different 

transmissivity and heat loss coefficients. For the model used in the simulations an ASHRAE double 

glazed window was selected, which most accurately represented the experimental polyethylene covered 
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greenhouse. The ASHRAE double glazed window selected was defined in the TRNSYS library as 

ASH140DBLE and is characterized by a solar transmissivity and heat transfer coefficient of 0.789 and 

2.89 Wm
-2

K
-1

, respectively.  

The greenhouse structure within Type56 was assumed to consist of a single thermal zone and was 

modelled with an energy balance. A highly detailed description of the model’s analysis of the energy 

gains associated with radiation, infiltration and convection through the walls can be found in the 

TRNSYS Multizone Building manual [87]. The sensible and latent energy balances within the model are 

separated and depend on internal and external gains. Equation 4.5.1 below is a simplified description of 

the sensible energy balance based on convective gains for the air inside the zone, 

surf inf vent solairzone gQ Q Q Q Q Q           (4.5.1) 

surfQ  is the convective heat flow from all internal surfaces to the air inside the greenhouse, see 

Equation 4.5.2 where, hc is the convective heat transfer coefficient and Awall is the internal area of the 

walls. 

( )c wall wall isurf h A T TQ           (4.5.2) 

infQ is the infiltration gain, represented by airflow from outside, and is defined by Equation 4.5.3;  

inf ,inf , ,( )a p a o a im c TQ T         (4.5.3) 

where, 
,infam is the infiltration air flow rate and pc is the air specific heat capacity. The infiltration rate 

of ambient air into the structure was a user-defined parameter. Based on common values of infiltration 

outlined in Section 1.2, the base model assumed a new polyethylene construction with an infiltration of 

0.5 air changes per hour [h
-1

].  

Similarly, 
ventQ , defined by Equation 4.5.4, is the rate of energy exchange in the ventilation air and 

was defined using the process-air from the LDAC system. In the equation below ,a cm , pc , ,a iT , and ,a cT  
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represent the conditioner outlet air flow rate, average specific heat, and inlet and outlet temperatures, 

respectively. 

, , ,( )vent a c p a c a im c TQ T          (4.2.4) 

solairQ  is the fraction of solar radiation entering a thermal zone through external windows, which is 

immediately transferred as a convective gain to the internal air, Eqn. 4.5.5. 

, ,( )solair solair dif i beam iQ f I I          (4.5.5) 

where, Idif,i and Ibeam,i are the diffuse and beam radiation that is transmitted through the external windows. 

Solar radiation values are automatically connected as inputs from the TRNSYS weather file upon 

completion of the TRNBuild model. 

Finally, the internal convective gains from user defined sources (e.g., people, equipment, plants, 

etc.) is defined by gQ . This input was used to represent the latent heat of vaporization associated with the 

crop evapotranspiration. This modelling approach will be explained further in Section 4.5.2. 

The latent energy balance of the thermal zone runs in parallel with the sensible balance calculation. 

The model used an effective capacitance humidity model, which was defined as the product of a user 

defined moisture capacitance ratio (MCR), and the air mass, Equation 4.5.6. The MCR allows the user to 

define the buffer effect of adsorptive and desorptive materials within the thermal zone. 

eff MCR aM f m            (4.5.6) 

A moisture balance for the greenhouse structure was then defined by the following equation: 

   , , ,  ieff inf amb a c a c ou i gt

d
M m m W

dt


            (4.5.7) 

Where, infm and ,a cm are the infiltration and process-air mass flow rates respectively, , ,a c out is the 

process-air humidity ratio, and Wg is the internal moisture gain from the crops.  
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4.5.2 Evapotranspiration Modelling Approach 

Plant evapotranspiration plays an important role in the moisture balance of a greenhouse and 

depends on plant type, plant area, and solar radiation inside the greenhouse. The amount crops transpire 

has been found to be highly dependent on irradiation. It is common to see transpiration rates drop 

significantly at sunset, indicating a reduction in plant growth. Due to the limited amount and duration of 

sunlight in Southern Ontario, it is common practice to supply the crops with artificial lighting from 

September through to February [88]. The greenhouse was therefore fitted with typical additional lighting 

values of 54-Wm
-2

, which was activated by the control system for 14 hours per day [89]. For the present 

work the sensible heat associated with the operation of the artificial lighting was not included in the 

greenhouse model. The controls activated the artificial lighting when the total radiation inside the 

greenhouse dropped below 250-Wm
-2

 [88] . Two forcing function controllers (Type14h), determined the 

time of day (hourcontrol), and time of year (annualcontrol) during which the artificial lighting may be 

operational. Additionally, a differential controller (Type2b) monitoring the solar irradiance controlled the 

artificial lighting (DiffRad).  

The most commonly used model for the evapotranspiration of crops is the Penman-Monteith (PM) 

equation [90]. For the present study a custom TRNSYS Type (Type842) created by I. Garruchaga [91] 

was implemented, which calculated the crop evapotranspiration rate along with the associated heat of 

vaporization with user defined parameters and inputs. The Type uses standardized functions to quantify 

crop characteristics based on height and growing temperature ranges. Additional inputs include, 

irradiance, crop area, and wind speed. The outputs from Type842 are the crop evapotranspiration rate in 

kgh
-1

 and the heat of evapotranspiration in kJh
-1

. Both these outputs were connected to the internal gains 

input in Type56. 

The American Society of Civil Engineers has defined a reference evapotranspiration model, which 

can be converted into a wide range of crops through the Crop Coefficient (CC) factor [90]. The typical 

value used for Kc for crops in the mid stage of their growing season is 1 [90] [92].  



66 

 

0 * CET ET K          (4.5.8) 

The PM equation for evapotranspiration (ET0) is: 

int

0

* * * * *

1

aa p

a

c

a

f G c
r

ET
r

r






 
 
 
  

    
   

       (4.5.9) 

where, ET0 is the crop evapotranspiration rate in kghr
-1

m
-2

 , fint is the fraction of solar radiation 

intercepted by the plants, G is the solar radiation on that reaches the plant canopy, 𝜌𝑎 is the mean air 

density at constant pressure, and  𝑐𝑝𝑎 is the specific heat of air. The aerodynamic resistance, ra, accounts 

for the transfer of heat and water vapour from the evaporating surface (leaf) to the air above the canopy 

and is calculated based on a standardized equation involving the plant height and air velocity. The (bulk) 

surface resistance is used to describe the resistance of vapour flow from either the crop through 

transpiration or the soil through evaporation. This equation includes the stomatal resistance of a well 

illuminated leaf, rl as well as the active leaf area index, LAI. The LAI is also calculated using a 

standardized method based on plant height. Δ  represents the slope of the saturation vapour pressure 

temperature relationship and is defined by 

2
4098*

( 273)

sat

a

e

T
 


  where,  a a((16.78*T -116.9)/(T +237.3))

sate =e   (4.5.10) 

The vapour pressure deficit in the PM equation is defined below, where RH is the relative humidity 

of the air. 

 *sat a sate RH e           (4.5.11) 

The value γ, in the PM equation represents a psychrometric constant defined by: 

6

6

*10 *

(0.622* *10 )

a atmCp P







         (4.5.12) 
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where, 3 6(2.501 2.361*10 * )*10aT    and Patm is the atmospheric pressure. 

The heat of vaporization associated with the crop evapotranspiration can be calculated using Eqn. 

4.5.13. 

*ET fgQ ET h           (4.5.13)   

For more information about the operation of Type842, the FORTRAN description can be found in 

Appendix C. 

 

4.6 Heat Pump Modelling Approach 

The Type used to model the heat pump in this simulation was a single-stage liquid to liquid heat 

pump from the TRNSYS Type library. Type927 is not a first principles model, relying instead on user-

supplied normalized performance data from heat pump manufacturers. The performance map contains the 

cooling/heating capacity and power consumption of the heat pump as a function of source and load inlet 

temperature and flow rates. The performance map used in this study was that of a 1.5-ton heat pump 

generated based on experimental testing and manufacturer’s data given by Chu (2014) [83], and can be 

found in Appendix E.  

A heat pump differs from a refrigeration cycle in that it can be used for either heating or cooling of 

the process liquid. The Type therefore requires a performance map file for both the heating and cooling 

modes of operation. The component has two control signal inputs to determine what mode it is supposed 

to operate in, however if both signals are set to ON, the heating mode takes precedence. 

When the cooling mode is set to ON, the data routine accesses the cooling performance data file 

and returns the machine’s cooling capacity and power draw. These values are then used to generate the 

outlet conditions and performance values for the unit. The COP of the heat pump is given by: 
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cool

cool

Capacity
COP

Power
          (4.6.1) 

The energy rejected by the source fluid stream can be calculated with: 

rejected cool coolQ Capacity Power 
        (4.6.2)  

The rejected heat can then be used to calculate the outlet temperature of the two fluid steams: 

, ,

rejected

source out source in

source source

Q
T T

m Cp
         (4.6.3) 

, ,
cool

load out load in

load load

Capacity
T T

m Cp
         (4.6.4) 
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  Chapter 5

Simulation Results 

 

This chapter presents the results from the B-LDAC and HP-LDAC simulations predicting 

microclimate control, system performance and energy consumption. Additionally, examples of daily 

operations are included to illustrate system operation. 

5.1 Comparison of B-LDAC and HP-LDAC Simulation Results 

The TRNSYS models discussed in Chapter 4 were used to predict the performance of the two 

different LDAC systems under different weather conditions throughout the year. To study the difference 

in system operation and performance in winter and summer, the results from two example days in both 

January and July are presented and analysed. The average monthly ambient temperature and humidity 

ratio are shown in Fig. 28. The large change in ambient temperature, humidity, and solar irradiance had a 

significant impact on the latent, sensible, and heating loads involved in system operations.  
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Fig. 28 – Average monthly ambient temperature and humidity ratio in Windsor, ON 

The predicted annual latent and sensible cooling performance of the B-LDAC system are presented 

in Fig. 29. It can be seen that the latent energy removed from the greenhouse in July is significantly more 

than in winter months. The annual latent, and sensible cooling loads were 350 kWhm
-2

, and 31 kWhm
-2

, 

respectively. As expected, the heating load was minimal throughout summer months. The annual space 

heating energy supplied to the system was 394 kWhm
-2

.  

The annual latent and sensible cooling, and greenhouse heating performance for the HP-LDAC 

system are presented in Fig. 30, where the annual latent, sensible, and greenhouse heating loads were, 358 

kWhm
-2

, 53 kWhm
-2

, and 394 kWhm
-2

 respectively. 
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Fig. 29 – Predicted monthly latent and sensible cooling, and greenhouse heating requirements for the 

B-LDAC 

 

Fig. 30 – Predicted monthly latent and sensible cooling, and greenhouse heating requirements for the 

HP-LDAC 

The increase in predicted latent load of the greenhouse between summer and winter, seen in Fig. 29 

and Fig. 30, can be attributed to the dependency of plant evapotranspiration on the solar irradiance. Fig. 

31 shows the correlation between daily maximum irradiance values and the maximum crop transpiration 

rate per square meter. The transpiration and irradiance data presented in Fig. 31 was recorded in hourly 

averages. The average hourly evapotranspiration rate therefore ranged from 59 gm
-2

day
-1

 to 463 gm
-2

day
-

1
. Similarly, Fig. 32 compares the total daily evapotranspiration compared to the amount of solar radiation 
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per square meter. It can be seen that the greatest amount of water transpired in a single day was 4.3 kgm
-2

 

and the minimum was 0.6 kgm
-2

. 

 

Fig. 31 – Relationship between daily maximum irradiance and maximum crop transpiration rate 

 

Fig. 32 – Relationship between total daily solar energy and the total crop evapotranspiration per 

square meter of greenhouse floor area 

The transpiration rate of the greenhouse crops had an impact on both the latent and sensible loads 

measured. The higher solar irradiation in summer months not only increased the sensible gains of the 

greenhouse, but also promoted crop evapotranspiration, which in-turn limited the sensible gains. To 

investigate the influence of plant evapotranspiration on the sensible cooling load of the greenhouse, the 
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daily minimum and maximum air temperatures were predicted with and without the crop model in place, 

Fig. 33. Only a slight difference was seen in the daily minimum temperature as these generally occurred 

at night, when plant transpiration was at a minimum. The maximum temperature, however, was greatly 

affected by the presence of evapotranspiration, especially during summer.  

 

Fig. 33 – Daily maximum and minimum simulated temperatures for greenhouse model with and 

without the presence of crops 

5.2 Microclimate Control 

Table 11 shows the percentage of time the simulations predicted that the greenhouse 

microclimate’s relative humidity and temperature would exceed 80% and 30°C, respectively. These 

values represent the upper limit of the tomato plant’s optimal growing conditions. The B-LDAC and HP-

LDAC displayed similar latent cooling control with a maximum of 14% in the month May for both 

models. The average of daily maximum humidity levels shown in Fig. 34, indicate that on average, the 

HP-LDAC model experienced higher maximum humidity levels. These higher daily maximum humidity 

levels can be attributed to the higher sensible cooling capacity of the HP-LDAC, which reduced the 

greenhouse temperature and thereby increased the latent load. The overall average values remained 
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HP-LDAC. The average daily maximum humidity ranged from 80% to 84% for the B-LDAC and from 

80% to 89% for the HP-LDAC model.  

Table 11 – Frequency that the greenhouse microclimate exceeded maximum relative 

humidity and temperature levels 

 
B-LDAC HP-LDAC 

  RH>80% T>30°C RH>80% T>30°C 

January 0% 0% 0% 0% 

February 1% 0% 2% 0% 

March 5% 1% 6% 0% 

April 12% 1% 9% 0% 

May 14% 9% 14% 2% 

June 11% 27% 12% 9% 

July 7% 34% 9% 17% 

August 5% 25% 7% 9% 

September 4% 13% 4% 2% 

October 1% 0% 0% 0% 

November 0% 0% 0% 0% 

December 0% 0% 0% 0% 

 

The frequency of temperature levels exceeding 30°C can also be seen in Table 11. The B-LDAC 

simulation predicted a greater frequency of high temperature in summer months, with a maximum of 34% 

in July. The HP-LDAC experienced lower temperature overall, with a maximum of 17% again in July. 

 

Fig. 34 – Monthly average daily maximum and overall average predicted relative humidity 
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Fig. 35 shows the average daily maximum and overall average greenhouse air temperature. The B-

LDAC model average daily maximum temperature ranged from 19°C in December to 35°C in July, and 

the overall average temperature ranged from 17°C to 27°C. Similarly, the HP-LDAC model average daily 

maximum temperature ranged from 17°C in December to 32°C in July, and the overall average 

temperature ranged from 17°C to 26°C. 

 

Fig. 35 – Monthly average daily maximum and overall average predicted temperature 

5.3 Energy Consumption 

5.3.1 Thermal 

The main thermal load throughout the year could be attributed to the heating of the greenhouse. 

The B-LDAC system however, also required the addition of thermal energy to run the regeneration cycle. 
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requirements of the two proposed systems to a traditional dehumidification method. The model used the 

same greenhouse component as described for the work above with a humidistat controlling the flow of 

ambient air at 1000 kgh
-1

. This ventilation rate was chosen based on its relative humidity control capacity. 

Flow rates below the chosen value resulted in dehumidification results less than those seen by the LDAC 
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in dehumidification performance. 
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Fig. 36 – Thermal energy load of the forced ventilation, B-LDAC, and HP-LDAC models 

Fig. 36 shows the predicted thermal energy requirements for the FV, B-LDAC, and the HP-LDAC 

models. The simulation predicted that the FV model, represented by the purple columns, would require 

significantly more space heating than the two LDAC models. The annual FV heating requirement was 

600 kWhm
-2

. The thermal energy supplied to the B-LDAC system was divided into space heating and 

regeneration load, represented by the grey and black columns in Fig. 36, respectively. The greenhouse 

space heating of the B-LDAC system was supplemented by the LDAC heating mode while operational. 

The annual percentage of space heating provided by the B-LDAC was 23%. The annual thermal loads 

were 394 kWhm
-2

, for space heating, and 526 kWhm
-2

, for regeneration. The red columns represent the 

space heating requirement for the HP-LDAC system, with an annual load of 394 kWhm
-2

. 

5.3.2 Electrical 

The monthly electrical energy consumption for the B-LDAC and the HP-LDAC are shown in Fig. 

37. The drop in B-LDAC consumption between March and April, and the slight increase from September 

to October, can be attributed to the operation of the different cooling systems. The electrical consumption 

increased into summer as the greenhouse latent and sensible cooling loads increased resulting in higher 

operating times for both systems. The B-LDAC and HP-LDAC total annual electrical energy 

consumption were 245 kWhm
-2

 and 305 kWhm
-2

, respectively. 
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Fig. 37 – Monthly electrical energy consumption for the B-LDAC and HP-LDAC systems 

5.4 System Performance 

5.4.1 B-LDAC  

The average monthly latent and sensible cooling capacities predicted by the B-LDAC simulation 

are shown in Fig. 38. The latent cooling capacity ranged from 3.1 kW to 4.1 kW, with the maximum 

predicted to occur in May. The average sensible cooling capacity ranged from 0.33 kW in November to 

0.86 kW in July which was insufficient to meet the load requirements. Increases and decreases in sensible 

cooling capacity were seen between March-April and October-November, respectively. This can be 

attributed to the operation of the evaporative cooling tower, increased ambient temperature, and higher 

solar gains.  

Fig. 38 also shows the thermal and electrical power supplied to the system. The thermal energy 

supplied by the boiler ranged from 11.4 kW in January to 4.1 kW in July. This increase in thermal load in 

winter months was caused by an increase in regeneration load and the addition of space heating provided 

by the B-LDAC. The electrical power drawn by each component was assumed to be constant, resulting in 

two modes of electrical power draw. The summer electrical draw included the power drawn by the 

evaporative cooler and totalled 2.2 kW, while the winter draw included the power drawn by the dry cooler 

and totalled 3.2 kW. 
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Fig. 38 – Monthly latent and sensible cooling capacities, and thermal and electrical 

consumption capacities for B-LDAC system 

The cooling capacities varied greatly throughout the day, especially in summer months, due to the 

loads associated with solar gains and evapotranspiration. Fig. 39 shows the latent cooling capacity 

compared to the evapotranspiration rate for July 25
th
 and 26

th
. The minimum latent cooling load was 

within the system’s capacity at 1.7 kW, when the transpiration rate was low. During the day however, the 

latent cooling capacity peaked at 7.3 kW as the evapotranspiration rate reached 0.35 gm
-2

h
-1

, resulting in 

the system not meeting the load.  

 

Fig. 39 – B-LDAC latent cooling performance and plant evapotranspiration on July 25
th
 and 26

th
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 Fig. 40 shows the sensible cooling capacity, cooling liquid temperature entering the LDAC, and 

greenhouse temperature for July 25
th
 and 26

th
. On July 26

th
 the cooling liquid temperature reached 32.5°C 

due to its dependence on ambient air conditions. The maximum sensible cooling capacity achieved was 

1.5 kW, which did not allow the system to meet the load resulting in a high maximum greenhouse air 

temperature of 38°C. 

 

Fig. 40 – B-LDAC sensible cooling capacity and greenhouse and cooling liquid temperature for 

July 25
th
 and 26

th
  

The tCOPdehum and tCOPtotal for the B-LDAC system are displayed in Fig. 41. The tCOPdehum 

increased in warmer months as it ranged from 0.40 in January to 0.94 in June. The simulation predicted a 

higher tCOPtotal then tCOPdehum, as it included the sensible heating and cooling provided by the LDAC 

system. The tCOPtotal ranged from 0.56 in January to 1.09 in June. 
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Fig. 41 – Monthly tCOP values for the B-LDAC system 

The predicted eCOP values for the B-LDAC system are presented in Fig. 42. A clear distinction 

can be made between eCOPdehum in summer and winter months. The average value for the system while 

operating the dry cooler in winter was 1.04, whereas evaporative cooling tower operation in summer 

resulted in an average of 1.74. The addition of sensible cooling and heating performed by the system, 

resulted in the eCOPtotal remaining higher throughout the year. Increased sensible heating performed in 

winter increased the eCOPtotal in these months, similarly a higher latent cooling/lower electrical power 

draw resulted in a higher summer eCOPtotal. 

 

Fig. 42 – Monthly eCOP values for the B-LDAC system 
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Fig. 43 – B-LDAC tCOPtotal, tCOPdehum, eCOPtotal, and eCOPdehum for July 25
th
 and 26

th
 

The increased daily latent cooling capacity seen in Fig. 39 coupled with the decreased thermal 

energy consumption associated with higher ambient temperatures and the operation of the HRV, raised 

the system’s COPs. Fig. 43 shows the electrical and thermal COPs for the B-LDAC system on July 25
th
 

and 26
th
. The maximum tCOPtotal and tCOPdehum were reported as 3.46 and 3.04, respectively. Similarly, 

the maximum eCOPtotal and eCOPdehum were 2.7 and 2.3, respectively. 

5.4.2 HP-LDAC 

The addition of the heat pump module instead of the boiler and heat rejection loops reduced energy 

consumption, and increased sensible and latent performance by lowering operating temperatures. This 

section presents the predicted monthly performance of the HP-LDAC system and presents examples of 

daily operation during the summer months. Further figures describing the daily operation of the system in 

January can be found in Appendix G.  
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Fig. 44 – Monthly latent and sensible cooling capacities, and thermal and electrical consumption 

capacities for HP-LDAC system 

The average monthly latent and sensible cooling capacities for the HP-LDAC system are shown in 

Fig. 44. The average latent cooling capacity ranged from 3.0 kW in December to 4.3 kW in June. The 

average sensible cooling capacity ranged from 0.7 kW in January to 1.9 kW in July. Fig. 44 also shows 

the electrical power consumption of the system. The power draws to most of the HP-LDAC components 

were assumed to be constant with the exception of the heat pump. The conditions of working fluids 

entering the heat pump varied the electrical power draw according to its performance map. Additionally, 

the operation of the evaporative cooling tower, when necessary in April through October, created an 

additional power draw. The total electrical power draw ranged from 2.6 kW in January to 3.1 kW in July. 

Fig. 45 shows that the latent cooling capacity of the HP-LDAC system increased significantly 

during the day. This can be attributed to the increased crop evapotranspiration. The maximum latent 

cooling capacity predicted for the two days was 7.9 kW, with an average of 4.1 kW. 
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Fig. 45 – HP-LDAC latent cooling performance and plant evapotranspiration on July 25
th
 and 26

th
 

The sensible cooling of the HP-LDAC system was significantly higher than was found for the B-

LDAC system, resulting in lower greenhouse temperatures. The sensible cooling reached a maximum of 3 

kW, with cooling liquid temperature at 20°C and greenhouse air temperature at 34°C. 

 

Fig. 46 – HP-LDAC sensible cooling capacity and greenhouse and cooling liquid temperature for July 

25
th
 and 26

th 

The eCOPdehum and eCOPtotal for the HP-LDAC system are shown found in Fig. 47 The annual 

averages were predicted to be 1.15 and 1.27, respectively. Although the latent cooling capacity of the 

system increased in summer months, the eCOPdehum remained relatively constant throughout the year. 
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This was due to the increase in electrical power associated with the higher load on the heat pump and the 

operation of the evaporative cooling tower. The eCOPdehum ranged from 1.04 in December to 1.32 in May. 

The eCOPtotal saw a greater increase in summer due to the increased sensible cooling capacity, and ranged 

from 1.04 in December to 1.6 in June. The COP of the heat pump can also be seen in Fig. 47, with an 

annual average of 2.66.  

 

Fig. 47 – Monthly eCOP values for the HP-LDAC system 

 

Fig. 48 – HP-LDAC eCOPtotal, and eCOPdehum for July 25
th
 and 26

th 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0.0

0.5

1.0

1.5

2.0

2.5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

C
O

P
 H

ea
t 

P
u

m
p

 

eC
O

P
  

eCOPdehum eCOPtotal COPhp

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0:00 12:00 0:00 12:00 0:00

eC
O

P
 

eCOPtotal eCOPdehum



85 

 

The increased latent cooling capacity during the day raised the COP of the HP-LDAC system. Fig. 

48 shows the HP-LDAC eCOPtotal, and eCOPdehum for July 25
th
 and 26

th
. The maximum eCOPtotal, and 

eCOPdehum were 3.24 and 2.38, respectively. 

5.5 Summary 

The B-LDAC and HP-LDAC simulations were used to predict the annual performance of the two 

systems.  The annual latent energy removed from the greenhouse by the B-LDAC was 350 kWhm
-2

 and 

that of the HP-LDAC was 358 kWhm
-2

. Both systems were able to provide the latent cooling necessary to 

maintain optimal growing conditions in winter months. Summer months saw higher transpiration rates 

and solar irradiance increasing the load on the LDAC unit. This caused the frequency of the greenhouse 

humidity levels exceeding 80% to increase. The decreased coolant temperature provided to the HP-LDAC 

unit from the heat pump resulted in higher latent cooling capacity. This was evident in the daily 

performance data presented for July where the B-LDAC and HP-LDAC units achieved maximum latent 

cooling capacities of 7.3 kW and 7.9 kW, respectively. The annual sensible cooling provided by the B-

LDAC was only 31 kWhm
-2

, whereas the HP-LDAC achieved 53 kWhm
-2

. The difference in sensible 

cooling capacities of the two systems was evident from the greenhouse temperature in summer. For 

example, the percentage of time the greenhouse temperature exceeded 30°C in July was 34% and 17% for 

the B-LDAC and HP-LDAC, respectively.  

A simulation of a forced ventilation greenhouse resulted in an annual space heating load of 600 

kWhm
-2

. The annual space heating required to maintain an air temperature over 17°C for the B-LDAC 

and HP-LDAC greenhouse simulations was 394 kWhm
-2

, a decrease of 34%. The regeneration cycle of 

the B-LDAC system required an additional thermal input of 526 kWhm
-2

. Additionally, the predicted 

electrical energy requirement for the B-LDAC and HP-LDAC simulations was 245 kWhm
-2

 and 305 

kWhm
-2

, respectively. 

The tCOPdehum and tCOPtotal of the B-LDAC simulation saw their highest average monthly values 

of 0.94 and 1.09 in June. Daily performance data in July predicted increases in tCOP over 3 as the 
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humidity level within the greenhouse increased. The eCOPdehum and eCOPtotal averaged 1.0 and 1.8 in 

winter, and 1.7 and 2.1 in summer, respectively. The annual average eCOPdehum and eCOPtotal values for 

the HP-LDAC were 1.15 and 1.27, respectively. Similarly, example daily maximum values of eCOPdehum 

and eCOPtotal in July were predicted to be 2.4 and 3.2, respectively. The annual average COP of the heat 

pump was 2.66. 

A discussion of the implication of the values presented here will be presented in the following 

chapter. 
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  Chapter 6

Discussion of Results 

 

This chapter contains a discussion of the model validation, and the results of the B-LDAC and HP-

LDAC simulations presented in Chapter 5. Additionally, several limitations of the systems are discussed 

with possible solutions or improvements for future work. 

6.1 LDAC Model Validation and Analysis 

To perform a theoretical analysis on the application of LDAC technology under the high loads of a 

greenhouse environment, an analytical model was developed based on experimental results. The 

performance of the experimental LDAC was monitored, and eight days were selected to provide a wide 

range of operational conditions. These results were used to validate the model of the LDAC created in the 

TRNSYS simulation software. The model was able to simulate the latent and sensible cooling 

performance to within 5% and 13%, respectively.  

The simulation accurately predicted the process-air, cooling liquid, and heating liquid outlet 

conditions. The scavenging-air outlet temperature however, was over-predicted by approximately 4°C on 

the data presented for July 10
th
. The over-prediction varied between 4% at 12% for all the days compared 

in the validation. A suggested reason for this error is the assumption of adiabatic operation in the heat and 

mass transfer model. The high operating temperature of the regenerator promoted heat transfer to 
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surrounding components and the greenhouse air, resulting in a lower operating temperature and therefore, 

a lower scavenging outlet temperature. The model could be improved by accounting for the heat gain 

from the regenerator to the greenhouse.  

6.2 Fluctuating Loads 

The annual simulation results revealed large fluctuations in the loads on the greenhouse 

microclimate over time. Two separate patterns were identified. Primarily, the variance in solar irradiance, 

in addition to changes in the monthly ambient temperature and humidity seen in Fig. 28 caused seasonal 

fluctuation in greenhouse loads. The greenhouse was affected by these conditions through the heat 

transfer through the walls and the infiltration into the greenhouse. Although the infiltration rate was 

assumed to be small to simulate a high performance greenhouse, with the current state of technology 

some infiltration is unavoidable. The difference in solar radiation between summer and winter is very 

large in Southern Ontario, resulting in few sensible gains in winter months. Additionally, the large 

temperature differential between the greenhouse microclimate and the ambient air resulted in large heat 

losses. The evapotranspiration rate of the greenhouse crops decreases with less available sunlight. Even 

with the implementation of artificial lighting, much less moisture evaporated from the plants in winter 

months when compared to summer. 

The second major variation in greenhouse loads was the difference between daytime and nighttime 

loads. The daily performance examples presented for January and July revealed an increase in greenhouse 

loads during the day. Besides the changes in sensible gains associated with the presence of sunlight, 

humidity gains also fluctuated. This was caused by the impact of solar irradiance on the 

evapotranspiration rate of the crops. Fig. 31 shows a clear relationship between increasing transpiration 

and higher irradiance levels. This caused the cooling output and performance of the systems to increase 

during the day as loads increased.  

Limitations to the load analysis of the greenhouse were related to the variations in 

evapotranspiration with crop growth, and the complexity of the control system. For simplicity, the present 
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work assumed the crops remained the same height throughout the year. To further increase accuracy of 

the annual performance of the system, load fluctuations associated with different crop sizes and types 

should be investigated. In addition, the set point conditions for commercial greenhouse microclimates are 

far more complicated than the control scheme used in this study. Temperature and humidity set points 

vary between day and night, as well as with the crop type and age. Including a more advanced 

microclimate control scheme would shed light on the system’s ability to apply air-conditioning with more 

advanced set point requirements. 

6.3 Impact of Oversizing on COP 

The variation seen in the monthly and daily cooling loads experienced within the greenhouse had a 

clear impact of the performance of the system. Increased humidity levels during the day, and in summer 

months led to the oversizing of the LDAC unit, as well as the auxiliary heating and cooling units in order 

to provide adequate dehumidification at the maximum load. Oversizing inherently resulted in the system 

operating inefficiently for the majority of the time. A solution for this, which would be more applicable to 

large scale greenhouse operations, would be the implementation of multiple LDAC units working in 

parallel. While some units operate continuously to handle the base-load of the greenhouse, others would 

only be activated when necessary. 

The predicted tCOPs for the operation of the B-LDAC system improved during summer. The tCOP 

values saw an increase, in part, due to the rise of ambient temperature resulting in a decrease in energy 

supplied to the regeneration process. This is presented in Fig. 38, where the average thermal power supply 

of the boiler was 11.4 kW in January and 4.1 kW in July. The average values of tCOPtotal and tCOPdehum 

were 0.56 and 0.40 in January, and were 1.10 and 0.92 in July, respectively. Typical values for tCOPdehum 

for packed bed systems have been reported by Lowenstein (2008) to be in the range of 0.4-0.7 [93]. 

Additionally, the higher tCOPs were caused by the increase in cooling capacity associated with higher 

temperature and humidity. The effect of oversizing was also evident in the comparison of daily 

performance values in January and July. As seen in Fig. 43, the varying evapotranspiration rate during the 
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day on July 26
th
 caused the tCOPtotal to range from 0.5 to 3.5 and the tCOPdehum to range from 0.3 to 3.0.  

On January 25
th
 however, as seen in Fig. 65, the tCOPtotal and the tCOPdehum remained relatively constant 

at .5 and 0.35, respectively. Throughout the day in January the LDAC cycled on and off when required. 

This can be attributed to the lower moisture gain from crops, and the slow infiltration of dry winter air. 

The lower greenhouse humidity decreased the performance of the LDAC by causing a low cooling 

capacity while maintaining a high thermal energy input.  

The eCOPs of the B-LDAC system varied only with cooling and heating capacities as the daily 

electrical power draw was assumed to be constant. However, the change of operating auxiliary cooling 

unit in April and November caused changes in electrical power consumption. The operation of the dry 

cooler required more power and resulted in a decrease in eCOP in the colder months, seen in Fig. 38. This 

resulted in an average eCOPdehum of 1.0 in winter and 1.7 in summer. The dry cooler was oversized as the 

temperature of the coolant entering the conditioner was well below the required temperature. The lighter 

load on the LDAC unit in winter months further demonstrates the oversizing of the system. The 

configuration of a dry cooler with a variable speed fan would increase the eCOP of the system while 

maintaining adequate cooling. The predicted eCOPtotal was higher in winter due to the inclusion of 

sensible heating, and in summer due to the inclusion of sensible cooling. The average eCOPtotal was 1.8 in 

winter and 2.1 in summer. 

The eCOPdehum of the HP-LDAC system remained relatively constant throughout the year ranging 

from 1.15 to 1.27, whereas the eCOPtotal ranged from 1.0 to 1.6. The increased range in eCOPtotal was 

caused by the increase in sensible cooling capacity in summer months. The range of eCOPtotal values for 

hybrid desiccant systems reported in the literature was 0.5-5, revealing that the present work obtained 

relatively low COP values. However, the high load operation on July 26
th
 saw maximum eCOPtotal and 

eCOPdehum values of 3.2 and 2.4, respectively.  
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6.4 Microclimate Control 

The results presented in Table 11 revealed the ability of the two systems to control the greenhouse 

microclimate. The increased sensible and latent load in the spring through fall affected the system’s 

ability to maintain conditions under the set point values. This section will discuss the limitations of the 

system and discuss areas of improvement that may be considered for future work. 

6.4.1 Greenhouse Humidity 

The main goal of this project was to provide the dehumidification necessary to enable the 

application of a closed greenhouse envelope. In summer months the increased daily loads resulted in 

greenhouse humidity levels exceeding the set point, despite a significant increase in dehumidification 

performance. The experimental setup configured by Seemann (2013) was meant to include an oversized 

liquid desiccant dehumidification unit to ensure complete humidity control in winter [8]. The results 

presented in Table 11 show that this was indeed the case, as the greenhouse relative humidity set point 

(80%) was only exceeded for 10% of the time in 3 months for the B-LDAC and in 2 months for the HP-

LDAC. All months in which significant space heating was required saw adequate latent cooling for 

optimal crop growth. Therefore, both systems would prevent the need for ventilation from the outside, 

resulting in decreased space heating requirements and other closed greenhouse advantages. 

The high daytime evapotranspiration had a large influence on the humidity levels within the 

greenhouse. As a result, the humidity of the greenhouse in both simulations exceeded the set point for 

14% of the time in the month of May. The daily examples in July revealed that both simulations had 

difficulty providing the capacity to control the greenhouse humidity levels during maximum 

evapotranspiration. With a low infiltration rate and the increased greenhouse air temperature, the 

humidity ratio of the air increased significantly. This resulted in an increase in the dehumidification 

capacity of both systems, which has been shown to depend heavily on inlet air humidity ratio [36] [86] 

[94]. The increased latent capacity however, was still unable to meet the load during summer days. The 

minimum cooling load on July 26
th
 was 1.7 kW while the capacity of the B-LDAC system peaked at 7.3 
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kW. Similarly, on July 26
th
 the HP-LDAC simulation predicted a minimum dehumidification load of 1.7 

kW and a maximum daily cooling capacity of 7.9 kW. The higher performance of the HP-LDAC system 

can be attributed to lower coolant temperature provided by the heat pump. This induced higher latent and 

sensible cooling rates. The increased sensible cooling dropped the air temperature but increased the 

relative humidity. This effect was especially present on days with high solar gains and evapotranspiration 

rates. Therefore, the average daily maximum relative humidity seen for the HP-LDAC in Fig. 34, 

exceeded that of the B-LDAC system. The average relative humidity predicted for both systems was 

approximately the same throughout the year. 

A limiting factor of the LDAC unit at times of high greenhouse humidity was determined to be the 

desiccant sump volume. High humidity levels caused the sump’s 55 litres of liquid desiccant solution to 

quickly weaken, thereby decreasing the dehumidification capacity of the unit. Increasing the capacity of 

the storage tank would provide the system with sufficient backup concentrated desiccant solution to 

effectively dehumidify throughout the day. A study by McNevin (2016) at the Queen’s SCL showed a 

26% increase in daily maximum latent cooling capacity by dramatically increasing the size of the 

desiccant storage tank [95]. The LDAC unit studied in this thesis was limited as it activated the 

regeneration cycle only during dehumidification. An increased desiccant storage system would require an 

altered control scheme to allow the regeneration to occur when available, regardless of load, and for as 

long as is required to strengthen the desiccant solution.   

6.4.2 Greenhouse Temperature 

An important problem identified by Seemann (2013), and confirmed in the present work, was the 

lack of sensible cooling in summer months. The sensible cooling capacity of the B-LDAC system reached 

a maximum monthly average of 0.86 kW in July. The reason for this can be seen in Fig. 40, which shows 

the high cooling liquid temperature entering the LDAC. Consequently, high average daily maximum 

greenhouse temperatures were recorded throughout the summer, with a maximum of 35°C in July. 

Additionally, it was shown that the greenhouse, which lacked all ventilation, reached temperatures over 
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30°C for 34% of the month July. This suggests that the greenhouse microclimate would not provide 

favourable conditions for optimized crop growth. 

The coolant temperature in the B-LDAC system inherently relied on ambient weather conditions 

for its performance. The cooling tower used in summer, rejected heat to the ambient air through the heat 

of vaporization associated with water evaporation. This process, similar to the operation of the liquid 

desiccant system, depends on the vapor pressure differential between the air and the liquid. Therefore, if 

the air is humid, which is common in Southern Ontario, the performance of the cooling tower will 

decrease. Additionally, the cooling water used in the secondary cooling loop rejected heat from the water-

glycol heat exchanger. A more effective application of the cooling tower in summer would be to use a 

series of valves to turn the water loop and the cooling tower into the primary cooling loop. This would 

avoid the inefficiencies associated with the heat exchanger, and improve cooling capacity due to the 

increased thermal absorption capabilities of water over glycol. 

  The HP-LDAC system coolant temperature was far less dependent on ambient conditions as the 

heat pump performance relied on heating and cooling liquid inlet temperatures and flow rates. This can 

clearly be seen in Fig. 46, where the operational coolant temperature remained relatively constant at 

approximately 20°C. This affected the sensible cooling capacity of the HP-LDAC and the predicted 

greenhouse temperatures. The average monthly sensible cooling in Fig. 44, reached 1.9 kW in July with 

daily maximums reaching 3 kW in Fig. 46. This resulted in the average daily maximum temperature for 

the month July to be lower than that of the B-LDAC system, Fig. 34. Additionally, the percentage of time 

spent over 30°C was 17%, which was half of what was seen for the B-LDAC system.  

Another approach to reducing the greenhouse temperature is to incorporate traditional cooling 

techniques into the system. A common approach to improving the sensible cooling capacity of an LDAC 

unit is the use of an evaporative cooler after the conditioner. This requires the process air to be very dry 

when exiting the unit to allow for the addition of moisture and still remain under the set point. The 
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present work revealed high humidity levels during the day when sensible cooling is required, rendering 

the application of an evaporative cooler undesirable.  

An additional method of traditional cooling that is more likely to improve the microclimate control 

of the system is shading. Shading reduces the sensible load on the greenhouse by blocking a portion of the 

solar gains. Additionally, reduced radiation on the greenhouse crops will decrease the evapotranspiration 

rate. To study this effect, a shading component was added to the greenhouse model. A 50% shade rating 

device was assumed to cover the two roofing surfaces based on values seen in the literature [96]. A 

controller activated the shading when the greenhouse air temperature exceeded 28°C. 

 

Fig. 49 – Change in daily maximum temperatures for B-LDAC and HP-LDAC system in July 

The results for the B-LDAC and HP-LDAC shading simulation of July are shown in Fig. 49. The 

average reduction in monthly maximum temperatures was 2°C. On hot days however, temperature 

reductions over 4°C were seen. This agrees with a review study performed by Abdel-Ghany (2012) in 

which greenhouse coverings were found to reduce the air temperature by no more than 5°C [97]. 

6.5 Energy Consumption/Savings 

The impact on the energy footprint of the greenhouse will influence the feasibility of the LDAC 

system. By enabling the implementation of the closed greenhouse, the LDAC system can increase 
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production efficiency with less infected crops, higher CO2 enrichment, optimal humidity control, and 

reduced heating requirements. The feasibility of the system depends on whether these advantages 

outweigh the additional energy required to operate the system. However, there is significant opportunity 

to reduce energy consumption of the desiccant systems by the addition of a heat-pump or at least the use 

of high efficiency pumps and fans or better control/sizing to allow for part load operation.  

The main form of energy savings would be space heating in winter. The annual space heating 

requirements of the forced-ventilation greenhouse dehumidification model presented in Fig. 39 were 

reported to be 600 kWhm
-2

. This value matches heating values reported for Southern Ontario, allowing a 

comparison to be made with the LDAC systems [98]. As expected, it was found that the B-LDAC and 

HP-LDAC systems demanded the same space heating load at 394 kWhm
-2

. This shows that closing the 

greenhouse off from ventilation can save 34% on annual space heating.  

The B-LDAC system included a large thermal energy input required for desiccant regeneration. 

When this was taken into account, the operation of the system became less attractive as an additional 491 

kWhm
-2

 of thermal energy was required annually. However, the thermal energy required for regeneration 

is considered low grade heat as the temperature of the heating liquid in the present work was only 50°C. 

This presents an opportunity to utilize waste or renewable heat sources, thereby reducing the energy 

footprint of the process.  

It was seen in Fig. 39 that the greatest amount of latent cooling in a zero ventilation greenhouse is 

required during the day. The application of a solar thermal heating system for the regeneration cycle 

would therefore be well suited for the B-LDAC system. This would be especially viable during summer 

when the thermal load is lower, and the solar irradiance is high, Fig. 38. Previous studies including solar 

thermal applications have required a very large solar array, which is impractical for agricultural 

applications as land available for crops would be decreased, unless a rooftop integrated system is 

designed. 
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The annual electrical energy consumptions were 245 kWhm
-2

 and 305 kWhm
-2

 for the B-LDAC 

and the HP-LDAC, respectively. This is a relative small difference considering the HP-LDAC does not 

have an additional thermal input driving the regeneration cycle. It was shown in Fig. 37 that the HP-

LDAC system exceeded the electrical energy consumption of the B-LDAC especially in April through 

October. In these months the electrical power consumption of the B-LDAC system was reduced by 

switching cooling systems and the power consumption of the HP-LDAC was increased by the operation 

of the evaporative cooling tower.  
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  Chapter 7

Conclusions and Recommendations 

 

7.1 Conclusions 

This study builds on previous work involving the configuration of a commercial liquid desiccant 

system applied to a test greenhouse in Southern Ontario. TRNSYS simulations were performed to 

compare and test the feasibility of two different liquid desiccant greenhouse dehumidification systems. 

An integral part of these simulations was the development of a liquid desiccant heat and mass exchanger 

component model and a greenhouse structure model based on the experimental setup. The liquid 

desiccant model was based on an effectiveness model developed by Stevens (1989) and was integrated 

into a simulation of the commercial desiccant unit. The model was validated using an eight-day 

experimental trial, in which it was able to predict the latent and total cooling capacities to within 5% and 

6%, respectively. Additionally, a parametric analysis of the LDAC model revealed increased system 

performance at high humidity levels and a sensitivity to cooling and heating liquid temperatures. 

Annual simulations were performed to investigate each system’s ability to control the greenhouse 

microclimate. Winter operation of both systems provided adequate sensible and latent cooling to maintain 

a closed greenhouse envelope. The increased solar gains and the associated rise in crop evapotranspiration 

through spring and fall, and into summer, reduced the ability for each system to provide sufficient 

cooling. This resulted in the B-LDAC and HP-LDAC greenhouse temperature exceeding 30°C for 34% 
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and 17% of the month July, respectively. The increased sensible performance of the HP-LDAC 

simulation was due to the independence of the heat pump from ambient conditions to provide coolant to 

the system. Similarly, humidity levels exceeding 80% increased in summer months, with a maximum of 

14% of the time in May for both models.  

The performance of the systems varied greatly throughout the day, especially in summer, due to 

great fluctuations in greenhouse energy gains. The high humidity during the day caused a spike in 

dehumidification performance. The predicted operation of the B-LDAC on July 26
th
 reached 7.3 kW, 

whereas the monthly average was 3.7 kW. With lower coolant temperatures the HP-LDAC had improved 

dehumidification capacity and reached 7.9 kW, with a monthly average of 4.2 kW.  

The average tCOPdehum and tCOPtotal of the B-LDAC system increased from 0.40 and 0.56 in 

January to 0.94 and 1.09 in June. The increased performance during the day improved maximum values 

on July 26
th
 to 3.5 and 3.0, respectively. The eCOP values saw a distinct difference between summer and 

winter due to the operation of different auxiliary cooling units. The average winter eCOPdehum and 

eCOPtotal values were 1.0 and 1.8, respectively. The average summer eCOPdehum and eCOPtotal values were 

1.7 and 2.1. The HP-LDAC system saw similar daily performance trends where the annual average 

eCOPdehum and eCOPtotal values were 1.3 and 1.2, but the peaks on July 26
th
 were 2.4 and 3.2, respectively. 

The annual average operating COP of the heat pump was predicted to be 2.7. 

A comparison was made between the space heating requirements for the two LDAC systems (394 

kWhm
-2

) and a forced ventilation model (600 kWhm
-2

). The percentage of annual savings in space 

heating energy associated with closing the greenhouse to ventilation was 34%. The models also predicted 

an electrical energy input of 245 kWhm
-2

 and 305 kWhm
-2

 for the B-LDAC and HP-LDAC simulations, 

respectively. The energy required for the regeneration cycle of the B-LDAC system was a thermal input 

provided by a natural gas boiler and therefore an important aspect of the systems energy analysis. The 

additional annual regeneration energy input was reduced by 26% to 526 kWhm
-2

, with the 

implementation of a heat recovery ventilator on the regeneration exhaust air.  
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While the operation of the two systems in winter provided sufficient cooling to enable the 

application of the closed greenhouse concept, there are many factors that challenge the feasibility of the 

concept. The high thermal energy consumption of the B-LDAC system and electrical power draw to both 

systems proved to be greater than the potential energy savings. Therefore, the resulting crop yield 

improvements associated with pest control and CO2 enrichment must outweigh these energy costs. There 

are several system improvements that may increase the operation of the system including, desiccant 

storage, coolant storage, and the utilization of renewable or waste energy sources. 

7.2 Recommendations for Future Work 

There has not yet been a great deal of research studying the application of liquid desiccant 

technology to the cooling of greenhouses, which presents possibilities for work in future projects. The 

development of the present work involves several main areas of study: modification of the experimental 

trial to investigate system modifications applied to a fully closed greenhouse; optimization of the full 

model simulations including additional state of the art desiccant technology; upscaling the model to 

commercial greenhouse operation. Additionally, the application of renewable energy sources to reduce 

the systems energy footprint should be investigated.  

The experimental trial was mainly used in this study for the validation of the TRNSYS numerical 

model, which enabled a detailed analysis of the system. It would be beneficial however to modify the 

system to experimentally verify the heat pump hybrid proposed in this study. This would enable the 

system to operate at higher efficiency and provide the greenhouse with additional sensible cooling, which 

was a limiting factor in the current study. 

The numerical analysis in this study was limited to the simulation of the commercial unit tested in 

the experimental trial. The two models developed provide a comprehensive platform to which further 

technologies and system combinations may be applied. The heat and mass exchanger model can be easily 

scaled and may be connected to a wide range of technologies to increase the performance of liquid 

desiccant dehumidification systems. Examples of these technologies may include, thermal and cold 
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storage, solar thermal, solar regeneration etc. Improving the technologies incorporated in the systems 

would increase the viability of LDAC technologies for the agricultural sector and may lead to the 

development of commercial closed greenhouse systems. 

The work in this thesis focused on a simplified greenhouse model with limited microclimate 

control restrictions. Commercial greenhouse operational controls are far more complex and play an 

important role in the development of the crops. Additionally, the present work assumed a simplified crop 

model in which the plants remain a constant size throughout the year. This is unrealistic as crops grow 

and develop throughout the growing season changing their impact on and the requirements from the 

greenhouse microclimate. The development of a detailed crop and large-scale greenhouse model would be 

beneficial in further studying the feasibility of the application of LDAC technology.  

A large-scale greenhouse simulation would require increased liquid desiccant cooling capacities 

and would present an opportunity for the application of a multi-unit system. The large fluctuations in 

greenhouse cooling loads required the commissioning of an oversized unit to meet the maximum required 

cooling. Installing an array of cooling units on a large commercial greenhouse would enable them to be 

switched on and off when necessary, thereby matching capacity to load. This would result in increased 

system performance as the LDAC unit would be running at full capacity as was only seen in this study 

during summer days. 
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Appendix A 

Experimental Components Technical Specifications 

Table 12 – Advantix DH800 LDAC technical specifications 

Supply (Treated) Air  1360 m3hr-1 

Regeneration Air  1190 m3hr-1 

Hot Water  50°C to 90°C  

Cold Water / Glycol  -10°C to 35°C  

Minimum ΔT Between Cold & Hot Water  25°C  

Desiccant Solution LiCl (40% Concentration)  55 L  

Operation Temperature Range  -10°C to 55°C  

Operation Specific Humidity Range  1.0 to 30.0 gvkga
-1  

Electrical System  208V, 1Ph, 60Hz  

Line Current  6.1 A  

Breaker Size  16 A  

Sensible Cooling  7.20 kW  

Latent Cooling  13.90 kW  

Total Cooling  21.1 kW  

Moisture Extraction  19.8 Lh-1  

Temperature Reduction  16.1°C  

 

Table 13 – DFC-012 CanCoil dry cooler technical specifications 

Flowrate Range 53 – 394 Lmin-1 

Fan Diameter 76 cm 

Fan Motor Power 2 hp 

Capacity 56.5 kW 

Electrical 230 V, 3 Phase, 60 Hz 

 

Table 14 – T-28 CTS evaporative cooling tower technical specifications 

Air Flow Rate 4500 m3h-1 

Fan Diameter 50 cm 

Fan Motor Power 1/6 hp 

Capacity 16 – 32 ton 

Electrical 230 V, 3 Phase, 60 Hz 

 

Table 15 – HD101 Raypak natural gas boiler technical specifications 

Liquid Flow 49 – 167 Lmin-1 

Weight 79 kg 

Pump Head 3.1 ft 

Capacity 100 MBtuh-1 
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Table 16 –Pressure transducer technical specifications 

Accuracy  ±1% (span) 

Output 0-10 VDC 

Span CFM 330 

Span “w.c. 0.1763 
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Appendix B 

Data Logger Terminal Info 
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Fig. 52 – Schematic of experimental system indicating placement of measurement instrumentation 
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Appendix C 

 Type841 – Evapotranspiration - Fortran Code 

      Subroutine TYPE841  

 

! Object: Evapotranspiration model 

! Simulation Studio Model: Type841_V0  

! Author: I. Gurruchaga 

! Editor:  

! Date:  March 22, 2012 

! last modified: March 22, 2012 

! *** Model Parameters  

!   Area m^2 [0;+Inf] 

!   Plant's height m [0;+Inf] 

!   Minimum Leaf resistance [s/m] any [0;+Inf] 

!   Height of wind measurements m [0;+Inf] 

!   Height of humidity measurements m [0;+Inf] 

!   Coef. J-S for radiation. S1 W/m^2 [0;+Inf] 

!   Coef. J-S for radiation. S2 W/m^2 [0;+Inf] 

!   Coef. J-S for temperature. t1 C [0;+Inf] 

!   Coef. J-S for temperature. t2 C [0;+Inf] 

!   Coef. J-S for temperature. t3 C [0;+Inf] 

!   Coef. J-S for vapour pressure deficit. V1 kPa [0;+Inf] 

!   Coef. J-S for vapour pressure deficit. V2 kPa [0;+Inf] 

!   Coef. J-S for vapour pressure deficit. V3 kPa [0;+Inf] 

! *** Model Inputs  

!   Air temperature C [-Inf;+Inf] 

!   Relative Humidity - [0;1] 

!   Air pressure kPa [0;+Inf] 

!   Air density kg/m^3 [0;+Inf] 

!   Air cp J/kg.K [0;+Inf] 

!   Air velocity m/s [0;+Inf] 

!   Irradiance W/m^2 [0;+Inf] 

!   Interception factor any [0;1] 

! *** Model Outputs  

!   Evapotranspiration Rate kg/hr [0;+Inf] 
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!   Aerodynamic resistance [s/m] any [-Inf;+Inf] 

!   Plant canopy resistance [s/m] any [-Inf;+Inf] 

!             QEvapotranspiration kJ/h 

 

! (Comments and routine interface generated by TRNSYS Studio) 

!************************************************************************ 

      Use TrnsysConstants 

      Use TrnsysFunctions 

!DEC$Attributes DLLexport :: Type841 

!Trnsys Declarations 

      Implicit None 

      Double Precision Timestep,Time 

      Integer CurrentUnit,CurrentType 

 

!    PARAMETERS 

      DOUBLE PRECISION area, h_c, r_l_min, z_m, z_h, Coef_S1, Coef_S2, Coef_t1, Coef_t2, Coef_t3, Coef_V1, 

Coef_V2, Coef_V3, e_sat, e_i, delta_e, DELTA, lambda, gamma, z_om, z_oh, k, v_a_in, r_a, LAI, LAI_act, F1, F2, 

F3, F4, F5, F6, F7, F8, d, r_l, r_c, ET0, OUT1, OUT2, OUT3, QEVAP 

!    INPUTS 

      DOUBLE PRECISION T_a, rh_a, P_a, rho_a, cp_a, v_a, G, f 

!-----------------------------------------------------------------------------------------------------------------------  

!Get the Global Trnsys Simulation Variables 

      Time=getSimulationTime() 

      Timestep=getSimulationTimeStep() 

      CurrentUnit = getCurrentUnit() 

      CurrentType = getCurrentType() 

!-----------------------------------------------------------------------------------------------------------------------  

!Set the Version Number for This Type 

      If(getIsVersionSigningTime()) Then 

  Call SetTypeVersion(17) 

  Return 

      EndIf 

!-----------------------------------------------------------------------------------------------------------------------  

!Do Any Last Call Manipulations Here 

      If(getIsLastCallofSimulation()) Then 

  Return 

      EndIf 

!-----------------------------------------------------------------------------------------------------------------------  
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!Perform Any "After Convergence" Manipulations That May Be Required at the End of Each Timestep 

      If(getIsConvergenceReached()) Then 

  Return 

      EndIf 

!-----------------------------------------------------------------------------------------------------------------------  

!Do All of the "Very First Call of the Simulation Manipulations" Here 

      If(getIsFirstCallofSimulation()) Then 

  Call SetNumberofParameters(13)            

  Call SetNumberofInputs(8) 

  Call SetNumberofDerivatives(0)          

  Call SetNumberofOutputs(4)                  

  Call SetIterationMode(1)                              

  Call SetNumberStoredVariables(0,0)                    

  Call SetNumberofDiscreteControls(0)               

  Return 

      EndIf 

!-----------------------------------------------------------------------------------------------------------------------  

!Do All of the First Timestep Manipulations Here - There Are No Iterations at the Intial Time 

      If (getIsFirstTimestep()) Then 

      area = getParameterValue(1) 

      h_c = getParameterValue(2) 

      r_l_min = getParameterValue(3) 

      z_m = getParameterValue(4) 

      z_h = getParameterValue(5) 

      Coef_S1 = getParameterValue(6) 

      Coef_S2 = getParameterValue(7) 

      Coef_t1 = getParameterValue(8) 

      Coef_t2 = getParameterValue(9) 

      Coef_t3 = getParameterValue(10) 

      Coef_V1 = getParameterValue(11) 

      Coef_V2 = getParameterValue(12) 

      Coef_V3 = getParameterValue(13) 

 

      T_a = GetInputValue(1) 

      rh_a = GetInputValue(2) 

      P_a = GetInputValue(3) 

      rho_a = GetInputValue(4) 
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      cp_a = GetInputValue(5) 

      v_a = GetInputValue(6) 

      G = GetInputValue(7) 

      f = GetInputValue(8) 

   !Set the Initial Values of the Outputs (#,Value) 

  Call SetOutputValue(1, 0) ! Evapotranspiration Rate 

  Call SetOutputValue(2, 0) ! Aerodynamic resistance [s/m] 

  Call SetOutputValue(3, 0) ! Plant canopy resistance [s/m] 

  Call SetOutputValue(4, 0) ! QEvapotranspiration  

  Return 

      EndIf 

!-----------------------------------------------------------------------------------------------------------------------  

!ReRead the Parameters if Another Unit of This Type Has Been Called Last 

      If(getIsReReadParameters()) Then 

  !Read in the Values of the Parameters from the Input File 

      area = getParameterValue(1) 

      h_c = getParameterValue(2) 

      r_l_min = getParameterValue(3) 

      z_m = getParameterValue(4) 

      z_h = getParameterValue(5) 

      Coef_S1 = getParameterValue(6) 

      Coef_S2 = getParameterValue(7) 

      Coef_t1 = getParameterValue(8) 

      Coef_t2 = getParameterValue(9) 

      Coef_t3 = getParameterValue(10) 

      Coef_V1 = getParameterValue(11) 

      Coef_V2 = getParameterValue(12) 

      Coef_V3 = getParameterValue(13)  

      EndIf 

!-----------------------------------------------------------------------------------------------------------------------  

!Read the Inputs 

      T_a = GetInputValue(1) 

      rh_a = GetInputValue(2) 

      P_a = GetInputValue(3) 

      rho_a = GetInputValue(4) 

      cp_a = GetInputValue(5) 

      v_a = GetInputValue(6) 
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      G = GetInputValue(7) 

      f = GetInputValue(8)   

      If(ErrorFound()) Return 

!-----------------------------------------------------------------------------------------------------------------------  

!    *** PERFORM ALL THE CALCULATION HERE FOR THIS MODEL. *** 

!----------------------------------------------------------------------------------------------------------------------- 

 !Penman-Monteith Parameters 

 !-------------------------- 

 e_sat=exp((16.78*T_a-116.9)/(T_a+237.3)) !saturation vapour pressure. Tetens (1930) and Murray (1967) 

 e_i=rh_a*e_sat 

 delta_e=e_sat-e_i !vapour pressure deficit 

 DELTA=4098*e_sat/(T_a+237.3)**2 !rate of change (slope) of the saturation vapor pressure - temperature 

 lambda=(2.501-2.361E-3*T_a)*1E6 !latent heat. Harrison (1963) 

 gamma=cp_a*1E-6*P_a/(0.622*lambda*1E-6) !phychrometric constant. Brunt (1952) 

 !Aerodynamic resistance 

 !---------------------- 

 !The aerodynamic resistance, r_a, describes the resistance from the vegetation upward and involves friction 

from air flowing over vegetative surfaces 

 d=2/3*h_c !zero plane displacement height 

 z_om=0.123*h_c !roughness lenght governing momentum transfer 

 z_oh=0.1*z_om !roughness lenght governing transfer of heat and vapour 

 k=0.41 !Karman's constant 

 v_a_in=v_a 

 r_a=(LOG(max(1E-10,(z_m-d)/z_om))*LOG(max(1E-10,(z_h-d)/z_oh))) 

     .      /(k**2*max(1E-10,v_a_in)) !aerodynamic resistance. Chapter 2 - FAO Penman-Monteith equation pag 5/12 

 !Plant Canopy resistance - The surface resistance, r_c, describes the resistance of vapour flow through 

stomata openings, total leaf area and soil surface 

      LAI=1.5*LOG(h_c*100)-1.4 !leaf area index. m2 (leaf area) m-2 (soil surface). Allen et al (1989) 

      LAI_act=LAI *0.5 !activate leaf area index. Jensen 1990 

      r_l=1/(1/r_l_min)  !leaf resistance 

      r_c=r_l/LAI_act    !plant canopy resistance. Chapter 2 - FAO Penman-Monteith equation pag 6/12  70 

 !Penman-Monteith Equation 

 ET0=(DELTA*(f*G)+rho_a*cp_a*delta_e/r_a)/((DELTA+gamma*(1+r_c/r_a)) 

     .      *lambda)*3600*area  

         QEVAP=ET0*lambda/1000 

!-----------------------------------------------------------------------------------------------------------------------  

!Set the Outputs from this Model (#,Value) 

  Call SetOutputValue(1, ET0) ! Evapotranspiration Rate 



118 

 

  Call SetOutputValue(2, r_a) ! Aerodynamic resistance [s/m] 

  Call SetOutputValue(3, r_c) ! Plant canopy resistance [s/m] 

  Call SetOutputValue(4, QEVAP) ! QEvapotranspiration  

!If Needed, Store the Desired Disceret Control Signal Values for this Iteration (#,State) 

!Sample Code:  Call SetDesiredDiscreteControlState(1,1) 

!-----------------------------------------------------------------------------------------------------------------------  

!If Needed, Store the Final value of the Dynamic Variables in the Global Storage Array (#,Value) 

!Sample Code:  Call SetValueThisIteration(1,T_FINAL_1) 

      Return 

      End 
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Appendix D 

Type266 – Heat and Mass Exchanger - Fortran Code 

   SUBROUTINE TYPE266 (TIME,XIN,OUT,T,DTDT,PAR,INFO,ICNTRL,*)  

C************************************************************************ 

C Object: NTU-Effectiveness Liquid Desiccant 

C Simulation Studio Model: Type266 

C Author: Tammo Bruinsma 

C Date:  November 12, 2015 last modified: November 12, 2015 

C *** Model Parameters  

C   Mass Transfer Coef - area product - [-Inf;+Inf] 

C   Tol On Solution Outlet C [0;+Inf] 

C ***  

C *** Model Inputs  

C ***  

C   Air Temperature C [-Inf;+Inf] 

C   Humidity Ratio - [-Inf;+Inf] 

C   Solution Temperature C [-Inf;+Inf] 

C   Air Mass Flow kg/s [0;+Inf] 

C   Solution Mass Flow kg/s [0;+Inf] 

C   Concentration - [0;1] 

C   Patm Pa [-Inf;+Inf] 

C   Control - [0;1] 

C ***  

C *** Model Outputs  

C ***  

C   Air Temperature C [-Inf;+Inf] 

C   Humidity Ratio - [-Inf;+Inf] 

C   Solution Temperature C [-Inf;+Inf] 

C   Air Mass Flow kg/s [-Inf;+Inf] 

C   Solution Mass Flow kg/s [-Inf;+Inf] 

C   Concentration - [-Inf;+Inf] 

C   Effectiveness - [-Inf;+Inf] 

C   MRR kg/s [-Inf;+Inf] 

C   Hs1 kJ/kg [-Inf;+Inf] 

C   Hs2 kJ/kg [-Inf;+Inf] 
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C   Hs2G kJ/kg [-Inf;+Inf] 

C   CPS - [-Inf;+Inf] 

C   CPSAT - [-Inf;+Inf] 

C   Mstar - [-Inf;+Inf] 

C   NTU - [-Inf;+Inf] 

C   ENTHASS2 kJ/kg [-Inf;+Inf] 

C   HUMASS2 - [-Inf;+Inf] 

C   hdil kJ/kg [-Inf;+Inf] 

C   Ts2G C [-Inf;+Inf] 

 

C    TRNSYS acess functions (allow to acess TIME etc.)  

      USE TrnsysConstants 

      USE TrnsysFunctions 

C---------------------------------------------------------------------------------------------------------------------- 

C    REQUIRED BY THE MULTI-DLL VERSION OF TRNSYS 

  !DEC$ATTRIBUTES DLLEXPORT :: TYPE266   !SET THE CORRECT TYPE NUMBER HERE 

C----------------------------------------------------------------------------------------------------------------------  

C    TRNSYS DECLARATIONS 

      IMPLICIT NONE    

 DOUBLE PRECISION XIN  

 DOUBLE PRECISION OUT  

 DOUBLE PRECISION TIME  

 DOUBLE PRECISION PAR  

 DOUBLE PRECISION STORED  

 DOUBLE PRECISION T   

 DOUBLE PRECISION DTDT  

 INTEGER*4 INFO(15)   

 INTEGER*4 NP,NI,NOUT,ND  

 INTEGER*4 NPAR,NIN,NDER  

 INTEGER*4 IUNIT,ITYPE  

 INTEGER*4 ICNTRL   

 INTEGER*4 NSTORED   

 CHARACTER*3 OCHECK   

 CHARACTER*3 YCHECK   

C----------------------------------------------------------------------------------------------------------------------  

C    USER DECLARATIONS - SET THE MAXIMUM NUMBER OF PARAMETERS (NP), INPUTS (NI), 

C    OUTPUTS (NOUT), AND DERIVATIVES (ND) THAT MAY BE SUPPLIED FOR THIS TYPE 
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      PARAMETER (NP=2,NI=8,NOUT=19,ND=0,NSTORED=0) 

C--------------------------------------------------------------------------------------- ------------------------------- 

C    REQUIRED TRNSYS DIMENSIONS 

      DIMENSION XIN(NI),OUT(NOUT),PAR(NP),YCHECK(NI),OCHECK(NOUT), 

 1   STORED(NSTORED),T(ND),DTDT(ND) 

      INTEGER NITEMS 

C----------------------------------------------------------------------------------------------------------------------  

C    PARAMETERS 

      DOUBLE PRECISION HDAVVT, Tol 

C    INPUTS 

      DOUBLE PRECISION Ta1, HRa1, Ts1, ma, ms, X, Patm, Control 

C    INTERNAL VARIABLES 

      DOUBLE PRECISION NTU, Ts2G, Ha1, Hs1, Hs2G, CPS, W1, H1, CPSat, Mstar, Term, Effect, Ha2, 

ENTHASS2, HUMASS2, HRa2, ms2, Hs2, zeta, temp2, h_dil, phi, X2, Ts2, Ta2, WSSE, CS, WSS, HSS, ma2, 

MRR 

C----------------------------------------------------------------------------------------------------------------------  

C       READ IN THE VALUES OF THE PARAMETERS IN SEQUENTIAL ORDER 

      HDAVVT=PAR(1) 

      Tol=PAR(2) 

C----------------------------------------------------------------------------------------------------------------------  

C    RETRIEVE THE CURRENT VALUES OF THE INPUTS TO THIS MODEL FROM THE XIN 

ARRAY IN SEQUENTIAL ORDER 

      Ta1=XIN(1) 

      HRa1=XIN(2) 

      Ts1=XIN(3) 

      ma=XIN(4) 

      ms=XIN(5) 

      X=XIN(6) 

      Patm=XIN(7) 

 Control=XIN(8) 

    IUNIT=INFO(1) 

    ITYPE=INFO(2) 

C---------------------------------------------------------------------------------------------------------------------- 

C    SET THE VERSION INFORMATION FOR TRNSYS 

      IF(INFO(7).EQ.-2) THEN 

    INFO(12)=16 

    RETURN 1 

 ENDIF 
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C----------------------------------------------------------------------------------------------------------------------  

C    DO ALL THE VERY LAST CALL OF THE SIMULATION MANIPULATIONS HERE 

      IF (INFO(8).EQ.-1) THEN 

    RETURN 1 

 ENDIF 

C----------------------------------------------------------------------------------------------------------------------  

C    PERFORM ANY 'AFTER-ITERATION' MANIPULATIONS THAT ARE REQUIRED HERE 

C    e.g. save variables to storage array for the next timestep 

      IF (INFO(13).GT.0) THEN 

    NITEMS=0 

C    STORED(1)=... (if NITEMS > 0) 

C        CALL setStorageVars(STORED,NITEMS,INFO) 

    RETURN 1 

 ENDIF 

C----------------------------------------------------------------------------------------------------------------------  

C    DO ALL THE VERY FIRST CALL OF THE SIMULATION MANIPULATIONS HERE 

      IF (INFO(7).EQ.-1) THEN 

C       SET SOME INFO ARRAY VARIABLES TO TELL THE TRNSYS ENGINE HOW THIS TYPE IS 

TO WORK 

         INFO(6)=NOUT     

         INFO(9)=1     

    INFO(10)=0 !STORAGE FOR VERSION 16 HAS BEEN CHANGED    

 

         NIN=NI 

    NPAR=NP 

    NDER=ND 

CALL TYPECK(1,INFO,NIN,NPAR,NDER) 

 

C       SET THE NUMBER OF STORAGE SPOTS NEEDED FOR THIS COMPONENT 

         NITEMS=0 

C    CALL setStorageSize(NITEMS,INFO) 

         RETURN 1 

      ENDIF 

C----------------------------------------------------------------------------------------------------------------------  

C    DO ALL OF THE INITIAL TIMESTEP MANIPULATIONS HERE - THERE ARE NO ITERATIONS 

AT THE INTIAL TIME 

      IF (TIME .LT. (getSimulationStartTime() + 

     . getSimulationTimeStep()/2.D0)) THEN 
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C       SET THE UNIT NUMBER FOR FUTURE CALLS 

         IUNIT=INFO(1) 

         ITYPE=INFO(2) 

 

C       CHECK THE PARAMETERS FOR PROBLEMS AND RETURN FROM THE SUBROUTINE IF AN 

ERROR IS FOUND 

 IF(Tol.le.0) CALL TYPECK(-4,INFO,0,"BAD PARAMETER 2",0) 

 If (Control>=1) THEN 

 Ts2G = 20 

 Ha1 = 1.005*Ta1+HRa1*(2501+1.805*Ta1) 

 Hs1 = Ts1*2.8383 

 NTU = HDAVVT/ma 

 X2 = X 

 

 If (Ts1 == Ts2G) Then  

  Ts2G = Ts1+1 

 EndIf 

 Hs2G = Ts2G*2.8383 

 CPS = (Hs2G-Hs1)/(Ts2G-Ts1) 

 

 W1 = WSS(Ts1, X) 

 H1 = 1.005*Ts1+W1*(2501+1.805*Ts1) 

 

 CPSat = CS(Ts1, Ts2G, X) 

 Mstar = (ma*CPSat)/(ms*CPS) 

 Term = Exp(-NTU*(1-Mstar)) 

 Effect = (1-Term)/(1-(Mstar*Term)) 

 

 Ha2 = Ha1+Effect*(H1-Ha1) 

 ENTHASS2 = Ha1+(Ha2-Ha1)/(1-Exp(-NTU)) 

 HUMASS2 = WSSE(ENTHASS2, X, IUNIT, ITYPE) 

 

 HRa2 = HUMASS2+(HRa1-HUMASS2)*Exp(-NTU) 

 ms2 = ms+ma*(HRa1-HRa2) 

 ma2 = ma-ma*(HRa1-HRa2) 
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 phi = (Ts1+273.15)/(374+273.15) 

 zeta = X/(0.6-X)  

 temp2 = (1+(zeta/0.845)**(-1.965)) 

 h_dil=(169.105 + 457.85*phi)*temp2**(-2.265) 

  

 MRR = ma*(HRa1-HRa2) 

 Hs2 = (Hs1*ms+ma*(Ha1-Ha2)+h_dil*MRR)/ms2 

 X2 = (ms*X)/ms2 

 Ts2 = Hs2/2.8383 

 Ta2 = (Ha2-2501*HRa2)/(1.006+HRa2*1.84) 

  

 ENDIF 

 

 If (Control <=0) Then 

  Ta2 = Ta1 

  HRa2 = HRa1 

  Ts2 = Ts1 

  ma2 = ma 

  ms2 = ms 

  X2 = X 

  Effect = 0 

  MRR = 0 

  Hs1 = Ts1*2.8383 

  Hs2 = Hs1 

  Hs2G = Hs1 

  CPS = 1 

  CPSAT = 1 

  Mstar = 1 

  NTU = 1 

  ENTHASS2 = Hs1 

  HUMASS2 = HRa1 

  h_dil = 0 

  Ts2G = Ts1 

 ENDIF 

 

C       PERFORM ANY REQUIRED CALCULATIONS TO SET THE INITIAL VALUES OF THE 

OUTPUTS HERE 
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   OUT(1)=Ta2 

   OUT(2)=HRa2 

   OUT(3)=Ts2 

   OUT(4)=ma2 

   OUT(5)=ms2 

   OUT(6)=X2 

   OUT(7)=Effect 

   OUT(8)=MRR 

   OUT(9)=Hs1 

   OUT(10)=Hs2 

   OUT(11)=Hs2G 

   OUT(12)=CPS 

   OUT(13)=CPSAT 

   OUT(14)=Mstar 

   OUT(15)=NTU 

   OUT(16)=ENTHASS2 

   OUT(17)=HUMASS2 

   OUT(18)=h_dil 

   OUT(19)=Ts2G 

 

C       PERFORM ANY REQUIRED CALCULATIONS TO SET THE INITIAL STORAGE VARIABLES 

HERE 

         NITEMS=0 

C    STORED(1)=... 

C       PUT THE STORED ARRAY IN THE GLOBAL STORED ARRAY 

C         CALL setStorageVars(STORED,NITEMS,INFO) 

C       RETURN TO THE CALLING PROGRAM 

         RETURN 1 

 

      ENDIF 

C----------------------------------------------------------------------------------------------------------------------  

 If (Control >=1) then 

  

 Ts2G = 20 

 Ha1 = 1.005*Ta1+HRa1*(2501+1.805*Ta1) 

 Hs1 = Ts1*2.8383 

 NTU = HDAVVT/ma 
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 X2 = X 

 

20 Continue 

 If (Ts1 == Ts2G) Then  

  Ts2G = Ts1+1 

 EndIf 

 Hs2G = Ts2G*2.8383 

 CPS = (Hs2G-Hs1)/(Ts2G-Ts1) 

 W1 = WSS(Ts1, X) 

 H1 = 1.005*Ts1+W1*(2501+1.805*Ts1) 

 

 CPSat = CS(Ts1, Ts2G, X) 

 Mstar = (ma*CPSat)/(ms*CPS) 

 Term = Exp(-NTU*(1-Mstar)) 

 Effect = (1-Term)/(1-(Mstar*Term)) 

 

 Ha2 = Ha1+Effect*(H1-Ha1) 

 ENTHASS2 = Ha1+(Ha2-Ha1)/(1-Exp(-NTU)) 

 HUMASS2 = WSSE(ENTHASS2, X, IUNIT, ITYPE) 

 

 HRa2 = HUMASS2+(HRa1-HUMASS2)*Exp(-NTU) 

 ms2 = ms+ma*(HRa1-HRa2) 

 ma2 = ma-ma*(HRa1-HRa2) 

  

 phi = (Ts1+273.15)/(374+273.15) 

 zeta = X/(0.6-X)  

 temp2 = (1+(zeta/0.845)**(-1.965)) 

 h_dil=(169.105 + 457.85*phi)*temp2**(-2.265) 

  

 MRR = ma*(HRa1-HRa2) 

 Hs2 = (Hs1*ms+ma*(Ha1-Ha2)+h_dil*MRR)/ms2 

 X2 = (ms*X)/ms2 

 Ts2 = Hs2/2.8383 

 Ta2 = (Ha2-2501*HRa2)/(1.006+HRa2*1.84) 

 If (ABS(Ts2-Ts2G) > Tol) then  

  Ts2G = Ts2 

  Goto 20 
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 Endif 

 ENDIF 

 

 If (control <=0) then 

  Ta2 = Ta1 

  HRa2 = HRa1 

  Ts2 = Ts1 

  ma2 = ma 

  ms2 = ms 

  X2 = X 

  Effect = 0 

  MRR = 0 

  Hs1 = Ts1*2.8383 

  Hs2 = Hs1 

  Hs2G = Hs1 

  CPS = 1 

  CPSAT = 1 

  Mstar = 1 

  NTU = 1 

  ENTHASS2 = Hs1 

  HUMASS2 = HRa1 

  h_dil = 0 

  Ts2G = Ts1 

 ENDIF 

C-----------------------------------------------------------------------------------------------------------------------  

C    SET THE OUTPUTS FROM THIS MODEL IN SEQUENTIAL ORDER  

 

   OUT(1)=Ta2 

   OUT(2)=HRa2 

   OUT(3)=Ts2 

   OUT(4)=ma2 

   OUT(5)=ms2 

   OUT(6)=X2 

   OUT(7)=Effect 

   OUT(8)=MRR 

   OUT(9)=Hs1 

   OUT(10)=Hs2 
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   OUT(11)=Hs2G 

   OUT(12)=CPS 

   OUT(13)=CPSat 

   OUT(14)=Mstar 

   OUT(15)=NTU 

   OUT(16)=ENTHASS2 

   OUT(17)=HUMASS2 

   OUT(18)=h_dil 

   OUT(19)=Ts2G 

      RETURN 1 

      END 

C--------------------------------------------------------------------------------------- ------------------------------- 

 FUNCTION WSS(T, X) 

 

 Implicit None 

 Double Precision WSS, Temp, Conc, CritTWater, VapPWater, Min_Vap_P 

 Double Precision tau, phi, P0, P1, P2, P3, P4, P5, P6, P7, P8 

 Double Precision P9, P25, A 

 Double Precision B, RelVapLiCl, FUNC, FUNC2, A0, A1, A2 

 Double Precision A3, A4, A5, T, X 

 Conc  = X 

 Temp = T+273.15 

 CritTWater = 374. + 273.15  

 phi = Temp/CritTWater 

 tau = 1-phi 

 

  P0 = 0.28 

  P1 = 4.30 

  P2 = 0.60 

  P3 = 0.21 

  P4 = 5.10 

  P5 = 0.49 

  P6 = 0.362 

  P7 = -4.75 

  P8 = -0.40 

  P9 = 0.03 

 



129 

 

 A = 2.-(1.+(Conc/P0)**P1)**P2 

 B = (1.+(Conc/P3)**P4)**P5-1. 

 FUNC = A+B*phi 

 P25 = 1.-(1.+(Conc/P6)**P7)**P8-P9*exp(-((Conc-0.1)**2.)/0.005) 

 RelVapLiCl = P25*FUNC 

  A0 = -7.858230 

  A1 = 1.839910 

  A2 = -11.781100 

  A3 = 22.670500 

  A4 = -15.939300 

  A5 = 1.775160 

 FUNC2 = (A0*tau+A1*tau**1.5+A2*tau**3.+A3*tau**3.5+ 

 1A4*tau**4.+A5*tau**7.5)/(1.-tau) 

 VapPWater = exp(FUNC2)*22058.45  

 Min_Vap_P = RelVapLiCl*VapPWater 

 WSS = (Min_Vap_P*0.6219)/(101.3-Min_Vap_P) 

 Return 

 END 

!******************************************************************************* 

 FUNCTION WSSE(H, X, IUNIT, ITYPE) 

 

 Implicit None 

 Double Precision WSSE, H, X, relax, WTOL, TG 

 Double Precision WSSP, WSOL, WSS 

 Double Precision SOLSLOPE, HUMP, WAIR, AIRSLOPE, Wdiff, SLOPEDIF 

 INTEGER IUNIT, ITYPE 

 If (H>=150) Then 

  relax=0.3 

 Else 

  relax=0.8 

 End If 

 WTOL = .00001 

 WSOL = 1. 

 WAIR = 0.0 

 TG = 20 

 Do While (Abs(WSOL-WAIR)>=WTOL) 

  WSSP = WSS(TG+1,X) 
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     WSOL = WSS(TG,X) 

      SOLSLOPE = WSSP-WSOL 

      HUMP = (H-1.006*(TG+1))/(1.84*(TG+1)+2501) 

      WAIR = (H-1.006*TG)/(1.84*TG+2501) 

      AIRSLOPE = HUMP-WAIR 

      Wdiff = WSOL-WAIR 

      SLOPEDIF = AIRSLOPE-SOLSLOPE 

      If (SLOPEDIF==0) Then 

          If (Abs(Wdiff)<=WTOL) Then 

           WSSE = WSOL 

          return 

          Else 

 CALL MESSAGES(-1,'Error in Function WSSE','FATAL',IUNIT,ITYPE) 

          stop 

   End If 

      End If 

  TG = TG+relax*(WSOL-WAIR)/(AIRSLOPE-SOLSLOPE) 

 end do 

 WSSE = WSOL 

 Return 

 End  

!******************************************************************************* 

 FUNCTION HSS(T, X) 

 Implicit None 

 Double Precision T, X, W, HSS, WSS 

 W = WSS(T,X) 

 HSS = 1.005*T+W*(2501+1.805*T) 

 Return 

 End 

!******************************************************************************* 

 FUNCTION CS(T1, T2, X1) 

 Implicit None 

 Double Precision T1, T2, X1, H1, H2, CS, HSS 

 H1 = HSS(T1,X1) 

 H2 = HSS(T2,X1) 

 CS = (H2-H1)/(T2-T1) 

 Return 
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 End 
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Appendix E 

Performance Maps 

Table 17 shows a sample of the heat pump cooling performance map created with experimental 

results and manufacturer’s data by J. Chu [83]. 

Table 17 – Sample of heat pump performance map used in Type927 

      Load Flow Rate [kgh-1] 

Source   400 540 660 780 900 

Flow 

[kgh-1] 

EST 

[°C] 

ELT 

[°C] 

Cooling 

[kW] 

Power 

[kW] 

Cooling 

[kW] 

Power 

[kW] 

Cooling 

[kW] 

Power 

[kW] 

Cooling 

[kW] 

Power 

[kW] 

Cooling 

[kW] 

Power 

[kW] 

675 

16 

6 4.24 0.91 4.35 0.91 4.42 0.91 4.47 0.91 4.50 0.91 

10 4.67 0.91 4.78 0.91 4.85 0.91 4.94 0.91 5.03 0.90 

14 5.40 0.74 5.38 0.83 5.38 0.89 5.37 0.94 5.22 1.12 

18 5.70 0.84 5.84 0.81 5.89 0.83 5.91 0.87 5.93 0.90 

21 5.92 0.92 6.02 0.95 6.17 0.89 6.30 0.89 6.41 0.89 

21 

6 4.05 1.04 4.13 1.04 4.18 1.05 4.21 1.05 4.24 1.05 

10 4.37 1.05 4.46 1.06 4.51 1.06 4.55 1.06 4.57 1.06 

14 4.70 1.06 4.93 1.08 5.05 1.08 5.10 1.08 4.95 1.26 

18 5.26 1.11 5.38 1.08 5.44 1.08 5.48 1.08 5.51 1.08 

21 5.51 1.08 5.59 1.08 5.68 1.08 5.76 1.08 5.83 1.08 

26 

6 3.77 1.22 3.85 1.22 3.90 1.23 3.93 1.23 3.96 1.23 

10 4.12 1.24 4.21 1.25 4.26 1.26 4.30 1.26 4.33 1.26 

14 4.34 1.22 4.45 1.21 4.59 1.26 4.78 1.31 4.94 1.34 

18 4.73 1.24 4.92 1.26 5.05 1.29 5.10 1.29 5.13 1.29 

21 5.14 1.29 5.25 1.28 5.22 1.26 5.22 1.28 5.22 1.28 

31 

6 3.50 1.48 3.54 1.49 3.57 1.50 3.58 1.50 3.60 1.50 

10 3.78 1.49 3.88 1.51 3.86 1.47 4.02 1.38 3.97 1.51 

14 4.14 1.44 4.24 1.51 4.28 1.54 4.23 1.51 4.27 1.51 

18 4.46 1.52 4.55 1.52 4.52 1.50 4.71 1.52 4.75 1.52 

21 4.59 1.51 4.79 1.52 4.70 1.51 4.64 1.52 4.70 1.51 

37 

6 3.03 1.55 3.06 1.56 3.08 1.56 3.09 1.57 3.10 1.57 

10 3.20 1.60 3.25 1.61 3.46 1.57 3.60 1.55 3.65 1.53 

14 3.78 1.91 3.95 1.75 3.94 1.68 3.84 1.64 3.95 1.65 

18 3.97 1.82 4.08 1.85 4.11 1.83 4.28 1.75 4.41 1.69 

21 4.32 1.65 4.24 1.60 4.31 1.59 4.48 1.61 4.64 1.62 
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Table 18 contains the performance data used for the evaporative cooling tower Type51a. 

Table 18 – Evaporative cooling tower performance data 

Air 

Flow 

[m3h-1] 

Air Dry Bulb 

Temperature 

[°C] 

Air Wet Bulb 

Temperature 

[°C] 

Water Mass 

Flow Rate 

[kgh-1] 

Water Inlet 

Temperature 

[°C] 

Water Outlet 

Temperature 

[°C] 

8326 29.5 23 8992.8 35 27.7 

8326 32.1 25.6 8992.8 35 30.0 

8326 33.5 27 8992.8 35 29.8 

8326 29.5 23 7200 35 27.1 

8326 32.1 25.6 7200 35 28.5 

8326 33.5 27 7200 35 29.4 

8326 29.5 23 10800 35 28.3 

8326 32.1 25.6 10800 35 29.4 

8326 33.5 27 10800 35 30.2 

 



134 

 

Appendix F 

Parametric Analysis 

F.1.  Parametric analysis of LDAC model 

This section presents the influences of several key parameters on the performance of the simulated 

LDAC system. In each case, on parameter was changed through an appropriate range of values, while all 

other parameters remained constant at a reference value. The parameters considered were: the cooling 

liquid inlet temperature (Tc,g,in), the heating liquid inlet temperature (Tr,g,in), the process-air inlet 

temperature, the process-air inlet relative humidity, and the number of transfer units. Table 19 shows the 

reference value, and the range over which it was varied, for each of the selected parameters. The reference 

values were selected to reflect typical operating conditions seen in the experimental study. 

Table 19 – Reference values and studied ranged of parameters in analysis 

Parameter Reference Minimum Maximum Increment 

NTUc/NTUr 3/2 1 15 2 

Tc,g,in [°C] 20 10 25 3 

Tr,g,in [°C] 50 35 65 5 

Tc,a,in [°C] 25 20 35 3 

RHc,a,in [%] 75 20 80 10 

 

The influence of the previously mentioned parameters on the process-air outlet conditions, in 

addition to the MRR and the Sensible Heat Ratio (SHR) was studied. The MRR is calculated by 

multiplying the process-air flow rate by the change in humidity ratio between the inlet and outlet of the 

LDAC. 

, , , , , ,( )c a in c a in c a outMRR m HR HR         (F.1) 

The SHR is defined as the ratio between the sensible to total energy removed from the process-air 

stream. 



135 

 

S

S L

q
SHR

q q



         (F.2) 

F.2.  Influence of coolant inlet temperature (Tc,g,in) 

The influence of Tc,g,in on the performance of the LCAC system can be seen Fig. 53a. It was 

revealed that as the temperature of the cooling liquid was reduced, both the process-air outlet temperature 

and the humidity ratio decreased as well. Over the studied range the air outlet temperature was affected 

more as it changed by 51% whereas the humidity ratio changed by 45%. The MRR of the system 

increased from 1.14 kg/hr to 1.99 kg/hr as shown in Fig. 53b. Fig. 53b also shows an increase in SHR 

from -0.17 (negative sign indicating the process-air was being heated) to 0.33. This increase in SHR 

indicated that the reduction of the coolant temperature had a greater influence on the sensible cooling 

capacity of the system rather than the dehumidification capacity. 

Fig. 53 – Influence of coolant inlet temperature on a) the process air outlet temperature and 

humidity ratio and b) the MRR and SHR 
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The vapour pressure of the desiccant in the solution heat exchanger decreased with lower coolant 

temperatures. This increased the desiccant’s capacity to absorb moisture from the process-air stream. It is 

worth mentioning that at lower temperatures, the pre-cooling process-air cooling coil contributed to the 

latent cooling capacity by condensing some moisture from the air. This would need to be taken into 

account in the design of the air handling unit. The increase in MRR resulted in a decrease in desiccant 

concentration in the sump; this slight decrease can be seen in Fig. 54. The sump temperature also 

decreased from 37°C to 32°C over the range inspected. 

 

Fig. 54 – Influence of coolant inlet temperature on the sump concentration and temperature 

F.3. Influence of heating liquid inlet temperature (Tr,g,in)  
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It can be seen in Fig. 55a that in increase in heating liquid temperature had a greater effect on the 

process-air outlet humidity ratio than on its outlet temperature. As the heating liquid temperature 

increased over the inspected range, the outlet humidity ratio was reduced from 10.2 g/kg to 5.5 g/kg, or by 

46%. The outlet air temperature only experienced a slight (1.3°C) increase over the range, due to the 

increased release of heat of vaporization and the higher desiccant temperature.  

Fig. 55b shows the SHR decreased from 0.21 to 0.07, indicating that the increase in heating liquid 

temperature positively influenced the systems latent cooling capacity more than it’s sensible cooling 

capacity. Additionally, a large increase in dehumidification was seen as the MRR increased from 0.95 g/s 

to 1.91 g/s. This increase in dehumidification can be attributed to the higher desiccant concentration 

resulting from more effective desiccant regeneration at higher temperatures. As the desiccant temperature 

was increased, so did its vapour pressure, which resulted in a higher mass transfer rate to the scavenging-

air.  

a) b)  
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Fig. 55 – Influence of heating liquid inlet temperature on a) the process air outlet temperature and 

humidity ratio and b) the MRR and SHR 
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Fig. 56 – Influence of heating liquid inlet temperature on the sump desiccant temperature and 

concentration 

Fig. 56 shows the increase in sump desiccant concentration and temperature over the range 

inspected. It can be seen that as the temperature of the desiccant increased, so did its concentration. 

F.4.  Influence of process-air inlet temperature (Tc,a,in) 

The influence of an increase in process-air inlet temperature on system performance is shown in 

Fig 57. The increase in temperature was studied at a constant relative humidity (75%), resulting in an 

increase in humidity ratio as the air temperature increased. Therefore, the sensible and latent loads put on 

the system were greater with higher process-air temperatures. Fig 57a shows an increase in outlet air 

temperature, from 21.5°C to 24.8°C, and humidity ratio, from 6.2 g/kg to 12.5 g/kg, over the range 

inspected. It is clear that at higher input temperatures the system would have difficulty providing adequate 

cooling at the reference coolant inlet temperature.  

The SHR in Fig 57b, rose from -0.16 to 0.22 with increasing air temperatures and higher 
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Fig 57 – Influence of process air inlet temperature on a) the outlet air temperature and humidity ratio 

and b) the MRR and SHR 



139 

 

effectiveness of the coolant at the reference temperature (20°C). This is due to a greater increase in the 

potential for heat transfer then then the increase in dehumidification capacity. The MRR increases as the 

temperature and humidity ratio of the inlet air increase resulting in an increase in mass transfer potential. 

F.5. Influence of the process-air inlet relative humidity (RHc,a,in) 

The influence of relative humidity on the LDAC performance can be seen in Fig. 58. A rise in 

relative humidity of air at a constant temperature causes an increases the humidity ratio as well. This 

increase in humidity ratio was reflected in the outlet air humidity ratio, seen in Fig. 58a. Additionally, a 

slight increase in outlet air temperature was seen, which results from the additional released the heat of 

vaporization associated with increased dehumidification. The higher air humidity ratio lead to an increase 

in mass transfer potential, the consequential rise in MRR can be seen in Fig. 58b. The SHR decreased at 

higher  

relative humidity as the dehumidification capacity of the system improved without increased sensible 

cooling capacity.  

F.6. Influence of the Number of Transfer Units (NTU) 

a)  b)  
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Fig. 58 – Influence of the process air inlet relative humidity on a) the outlet air temperature and 

humidity ratio and b) the MRR and SHR 
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The NTU of the system had a strong impact on the effectiveness of the heat and mass exchangers. 

The NTU value was changed by either altering the size of the component (the hDAVVt value in Eqn. 4.3.8) 

of by varying the air flow rate. To keep operating conditions constant this analysis varied the size of the 

conditioner and regenerator so they operated at the same NTU over the range studied.  

Fig. 59a shows that the air outlet humidity ratio decreased from 10.2 to 7.6 when varying the NTU 

from 1 to 5. After this there was no significant reduction in humidity ratio as the NTU was increased 

further. It was concluded that under the reference operating conditions an increase of NTU improved the 

performance significantly until it reached 5 (an increase beyond this had little effect). A minimal 

influence on the outlet temperature was seen as the air temperature entering the heat and mass transfer 

chamber was already very near the desiccant temperature and there was therefore little potential for heat 

transfer. However, the MRR and SHR in Fig. 59b, were affected similarly with increased NTU. The MRR 

rose by 35% as the NTU is increased from 1 to 5, and only another 2% as the NTU was increased from 5 

to 11. Similarly, the SHR decreased by 56% in the first half of the range studied. 
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Appendix G 

Daily Performance Examples 

The graphs of results presented in the appendix are intended to provide additional information and 

support of the theories and statements described in the main body of this work. The graphs display the 

performance of the B-LDAC and HP-LDAC simulations on the daily performance examples discussed in 

the text. 

G.1  January 25
th

 and 26
th

  

 

Fig. 60 – Solar irradiance and plant evapotranspiration for January 25
th
 and 26

th
 

 

Fig. 61 – Ambient temperature and relative humidity for January 25
th
 and 26

th
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G.1.1 B-LDAC January 

a) b)  

Fig. 62 – B-LDAC process inlet and outlet air a) temperature and b) relative humidity for January 25
th
 and 

26
th
  

a) b)  

Fig. 63 – B-LDAC a) coolant temperatures b) regeneration cycle air temperatures for January 25
th
 and 

26
th
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Fig. 64 – Latent and sensible cooling, and space heating capacities for January 25
th
 and 26

th 

a) b)  

Fig. 65 – B-LDAC a) electrical and b) thermal COP values for January 25
th
 and 26

th 

 

 

 

 

 

 

G.1.2 HP-LDAC January 
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a) b)  

Fig. 66 – HP-LDAC process inlet and outlet air a) temperature and b) relative humidity for January 25
th
 

and 26
th
 

 

Fig. 67 – B-LDAC latent and sensible cooling, and space heating capacities for January 25
th
 and 26

th
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Fig. 68 – HP-LDAC cooling and heating liquid in/outlet temperatures 

G.2  July 25
th

 and 26
th

  

 

Fig. 69 – Solar irradiance and plant evapotranspiration for July 25
th
 and 26

th
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Fig. 70 – Ambient temperature and relative humidity for July 25
th
 and 26

th
  

G.2.1 B-LDAC July 

a) b)  

Fig. 71 – B-LDAC process inlet and outlet air a) temperature and b) relative humidity for July 25
th
 and 

26
th
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Fig. 72 – B-LDAC latent and sensible cooling capacities for July 25
th
 and 26

th 

G.2.1 HP-LDAC July 

a) b)  

Fig. 73 – HP-LDAC process inlet and outlet air a) temperature and b) relative humidity for July 25
th
 and 

26
th
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Fig. 74 – HP-LDAC latent and sensible cooling capacities for July 25
th
 and 26

th 
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Appendix H 

TRNSYS Deck Files 

Case I: B-LDAC Simulation 

VERSION 17 

******************************************************************************* 

*** TRNSYS input file (deck) generated by TrnsysStudio 

*** on Monday, September 05, 2016 at 22:40 

*** from TrnsysStudio project: C:\Users\Tammo\Dropbox\Recovery\Tammo\Full Model 

Simulation 2 with Penman Monteith Energy 3 9 04 2016.tpf 

***  

*** If you edit this file, use the File/Import TRNSYS Input File function in  

*** TrnsysStudio to update the project.  

***  

*** If you have problems, questions or suggestions please contact your local  

*** TRNSYS distributor or mailto:software@cstb.fr  

***  

******************************************************************************* 

 

 

******************************************************************************* 

*** Units  

******************************************************************************* 

 

******************************************************************************* 

*** Control cards 

******************************************************************************* 

* START, STOP and STEP 

CONSTANTS 3 

START=600 

STOP=648 

STEP=0.083333331 

SIMULATION   START  STOP  STEP ! Start time End time Time step 

TOLERANCES 0.001 0.001   ! Integration  Convergence 

LIMITS 30 30000 1000    ! Max iterations Max warnings Trace 

limit 

DFQ 1     ! TRNSYS numerical integration solver method 

WIDTH 72    ! TRNSYS output file width, number of characters 

LIST      ! NOLIST statement 

     ! MAP statement 

SOLVER 0 1 1    ! Solver statement Minimum relaxation factor

 Maximum relaxation factor 

NAN_CHECK 0    ! Nan DEBUG statement 

OVERWRITE_CHECK 0   ! Overwrite DEBUG statement 

TIME_REPORT 0   ! disable time report 

EQSOLVER 0    ! EQUATION SOLVER statement 

* User defined CONSTANTS  

 

 

* EQUATIONS "Wizard settings" 

*  

EQUATIONS 8 

TURN = 270 

SHADE_CLOSE = 140 * 3.6! Close blinds - radiation on facade in [W/m2 * 3.6]=[kJ/hr] 

SHADE_OPEN = 120 * 3.6! Open blinds - radiation on facade in [W/m2 * 3.6]=[kJ/hr] 

MAX_ISHADE = 70/100 ! Maximum opaque fraction of internal shading device 

MAX_ESHADE = 70/100 ! Maximum opaque fraction of external shading device 
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IT_LIGHT_ON = (-120) * 3.6 ! turn light on (radiaton on the horizontal in [W/mÂ² * 

3.6]=[kJ/hr] 

IT_LIGHT_OFF = (- 200) * 3.6 ! turn light on (radiaton on the horizontal in [W/mÂ² * 

3.6]=[kJ/hr] 

BRIGHT = [200,1] !Input for light control 

*$UNIT_NAME Wizard settings 

*$LAYER Weather - Data Files 

*$POSITION 406 211 

 

*------------------------------------------------------------------------------ 

 

 

* EQUATIONS "AzimuthAngles" 

*  

EQUATIONS 8 

AA_H_0_0 = 0 + TURN ! azimuth angle of orientation 

AA_S_0_90 = 0 + TURN ! azimuth angle of orientation 

AA_S_0_25 = 0 + TURN ! azimuth angle of orientation 

AA_W_90_90 = 90 + TURN ! azimuth angle of orientation 

AA_N_180_90 = 180 + TURN ! azimuth angle of orientation 

AA_N_180_25 = 180 + TURN ! azimuth angle of orientation 

AA_E_270_90 = 270 + TURN ! azimuth angle of orientation 

AAZM_TYPE56 = AAZM - TURN ! solar azimuth corrected by building rotation - Input for 

Type 56 sun position for SHM and ISM 

*$UNIT_NAME AzimuthAngles 

*$LAYER Weather - Data Files 

*$POSITION 404 61 

 

*------------------------------------------------------------------------------ 

 

 

* EQUATIONS "Radiation" 

*  

EQUATIONS 24 

AZEN = [15,16] 

AAZM = [15,17] 

IT_H_0_0 = [15,24] 

IB_H_0_0 = [15,31] 

AI_H_0_0 = [15,59] 

IT_S_0_90 = [15,25] 

IB_S_0_90 = [15,32] 

AI_S_0_90 = [15,60] 

IT_S_0_25 = [15,26] 

IB_S_0_25 = [15,33] 

AI_S_0_25 = [15,61] 

IT_W_90_90 = [15,27] 

IB_W_90_90 = [15,34] 

AI_W_90_90 = [15,62] 

IT_N_180_90 = [15,28] 

IB_N_180_90 = [15,35] 

AI_N_180_90 = [15,63] 

IT_N_180_25 = [15,29] 

IB_N_180_25 = [15,36] 

AI_N_180_25 = [15,64] 

IT_E_270_90 = [15,30] 

IB_E_270_90 = [15,37] 

AI_E_270_90 = [15,65] 

hour_of_day = MOD(TIME,24) 

*$UNIT_NAME Radiation 

*$LAYER Weather - Data Files 

*$POSITION 603 61 

 

*------------------------------------------------------------------------------ 
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* Model "Weather data" (Type 15) 

*  

 

UNIT 15 TYPE 15  Weather data 

*$UNIT_NAME Weather data 

*$MODEL .\Weather Data Reading and Processing\Standard Format\TMY2\Type15-2.tmf 

*$POSITION 656 210 

*$LAYER Main #  

PARAMETERS 27 

2  ! 1 File Type 

99  ! 2 Logical unit 

5  ! 3 Tilted Surface Radiation Mode 

0.2  ! 4 Ground reflectance - no snow 

0.7  ! 5 Ground reflectance - snow cover 

7  ! 6 Number of surfaces 

1  ! 7 Tracking mode-1 

0  ! 8 Slope of surface-1 

AA_H_0_0  ! 9 Azimuth of surface-1 

1  ! 10 Tracking mode-2 

90  ! 11 Slope of surface-2 

AA_S_0_90  ! 12 Azimuth of surface-2 

1  ! 13 Tracking mode-3 

25  ! 14 Slope of surface-3 

AA_S_0_25  ! 15 Azimuth of surface-3 

1  ! 16 Tracking mode-4 

90  ! 17 Slope of surface-4 

AA_W_90_90  ! 18 Azimuth of surface-4 

1  ! 19 Tracking mode-5 

90  ! 20 Slope of surface-5 

AA_N_180_90  ! 21 Azimuth of surface-5 

1  ! 22 Tracking mode-6 

25  ! 23 Slope of surface-6 

AA_N_180_25  ! 24 Azimuth of surface-6 

1  ! 25 Tracking mode-7 

90  ! 26 Slope of surface-7 

AA_E_270_90  ! 27 Azimuth of surface-7 

*** External files 

ASSIGN "C:\Trnsys17\Weather\US-TMY2\US-MI-Detroit-94847.tm2" 99 

*|? Which file contains the TMY-2 weather data? |1000 

*------------------------------------------------------------------------------ 

 

* Model "Lights" (Type 2) 

*  

 

UNIT 200 TYPE 2  Lights 

*$UNIT_NAME Lights 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 505 168 

*$LAYER Weather - Data Files #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 
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5  ! 1 No. of oscillations 

40000  ! 2 High limit cut-out 

INPUTS 6 

0,0  ! [unconnected] Upper input value 

IT_H_0_0  ! Radiation:IT_H_0_0 ->Lower input value 

0,0  ! [unconnected] Monitoring value 

200,1   ! Lights:Output control function ->Input control function 

IT_LIGHT_ON  ! [equation] Upper dead band 

IT_LIGHT_OFF  ! [equation] Lower dead band 

*** INITIAL INPUT VALUES 

0 0 0 0 IT_LIGHT_ON IT_LIGHT_OFF  

*------------------------------------------------------------------------------ 

 

* Model "Greenhouse" (Type 56) 

*  

 

UNIT 56 TYPE 56  Greenhouse 

*$UNIT_NAME Greenhouse 

*$MODEL .\Loads and Structures\Multi-Zone Building\Type56.tmf 

*$POSITION 662 309 

*$LAYER Main #  

*$#    

PARAMETERS 3 

97  ! 1 Logical unit for building description file (.bui) 

1  ! 2 Star network calculation switch 

0.5  ! 3 Weighting factor for operative temperature 

INPUTS 21 

15,1   ! Weather data:Dry bulb temperature -> 1- TAMB 

15,7   ! Weather data:Percent relative humidity -> 2- RELHUMAMB 

15,1   ! Weather data:Dry bulb temperature -> 3- TSKY 

0,0  ! [unconnected]  4- TSGRD 

15,16   ! Weather data:Solar zenith angle -> 5- AZEN 

AAZM_TYPE56  ! AzimuthAngles:AAZM_TYPE56 -> 6- AAZM 

15,107   ! Weather data:Ground reflectance -> 7- GRDREF 

0,0  ! [unconnected]  8- TGROUND 

0,0  ! [unconnected]  9- TBOUNDARY 

BRIGHT  ! Wizard settings:BRIGHT -> 10- BRIGHT 

SHADE_CLOSE  ! Wizard settings:SHADE_CLOSE -> 11- SHADE_CLOSE 

SHADE_OPEN  ! Wizard settings:SHADE_OPEN -> 12- SHADE_OPEN 

MAX_ISHADE  ! Wizard settings:MAX_ISHADE -> 13- MAX_ISHADE 

MAX_ESHADE  ! Wizard settings:MAX_ESHADE -> 14- MAX_ESHADE 

82,2   ! CondAirOutCool:Source side flow rate -> 15- COND_OUT_FLOW 

82,1   ! CondAirOutCool:Source-side outlet temperature -> 16- COND_OUT_TEMP 

84,1   ! Type843:Evapotranspiration -> 17- TRANS_RATE 

93,1   ! CondAirOut:Humidity ratio -> 18- COND_OUT_HUMRAT 

0,0  ! [unconnected]  19- INFILTRATION 

84,4   ! Type843:QEvapotranspiration -> 20- QTRANS 

Shading  ! CONTROLS:Shading -> 21- SHADE 

*** INITIAL INPUT VALUES 

19 77 0 15 0 0 0 15 15 0 0 0 0 0 0 0 13 0 .5 0 0  

*** External files 

ASSIGN "greenhouse.b17" 97 

*|? Building description file (*.bui) |1000 

*------------------------------------------------------------------------------ 

 

* Model "Irradiation" (Type 65) 

*  

 

UNIT 65 TYPE 65  Irradiation 

*$UNIT_NAME Irradiation 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 415 93 

*$LAYER Graphs #  
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PARAMETERS 12 

7  ! 1 Nb. of left-axis variables 

7  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

3600  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3600  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 14 

IT_H_0_0  ! Radiation:IT_H_0_0 ->Left axis variable-1 

IT_S_0_90  ! Radiation:IT_S_0_90 ->Left axis variable-2 

IT_S_0_25  ! Radiation:IT_S_0_25 ->Left axis variable-3 

IT_W_90_90  ! Radiation:IT_W_90_90 ->Left axis variable-4 

IT_N_180_90  ! Radiation:IT_N_180_90 ->Left axis variable-5 

IT_N_180_25  ! Radiation:IT_N_180_25 ->Left axis variable-6 

IT_E_270_90  ! Radiation:IT_E_270_90 ->Left axis variable-7 

IB_H_0_0  ! Radiation:IB_H_0_0 ->Right axis variable-1 

IB_S_0_90  ! Radiation:IB_S_0_90 ->Right axis variable-2 

IB_S_0_25  ! Radiation:IB_S_0_25 ->Right axis variable-3 

IB_W_90_90  ! Radiation:IB_W_90_90 ->Right axis variable-4 

IB_N_180_90  ! Radiation:IB_N_180_90 ->Right axis variable-5 

IB_N_180_25  ! Radiation:IB_N_180_25 ->Right axis variable-6 

IB_E_270_90  ! Radiation:IB_E_270_90 ->Right axis variable-7 

*** INITIAL INPUT VALUES 

IT_H_0_0 IT_S_0_90 IT_S_0_25 IT_W_90_90 IT_N_180_90 IT_N_180_25 IT_E_270_90 

IB_H_0_0 IB_S_0_90 IB_S_0_25 IB_W_90_90 IB_N_180_90 IB_N_180_25 IB_E_270_90 

 

LABELS  3 

"Total  Incident Solar Radition [kJ/hr m²]" 

"Beam  Incident Solar Radition [kJ/hr m²]" 

"Irradition" 

*------------------------------------------------------------------------------ 

 

* Model "Temperature" (Type 65) 

*  

 

UNIT 66 TYPE 65  Temperature 

*$UNIT_NAME Temperature 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 494 157 

*$LAYER Graphs #  

PARAMETERS 12 

9  ! 1 Nb. of left-axis variables 

4  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

50  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3.5  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 13 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Left axis variable-1 

97,7   ! CondAirInCool-1:Dry bulb temperature ->Left axis variable-2 

93,7   ! CondAirOut:Dry bulb temperature ->Left axis variable-3 
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82,1   ! CondAirOutCool:Source-side outlet temperature ->Left axis variable-4 

73,7   ! AmbientAir:Dry bulb temperature ->Left axis variable-5 

91,7   ! RegAirOut:Dry bulb temperature ->Left axis variable-6 

78,1   ! HRV:Source-side outlet temperature ->Left axis variable-7 

78,3   ! HRV:Load side outlet temperature ->Left axis variable-8 

75,3   ! RegenAirHeat:Outlet air temperature ->Left axis variable-9 

99,7   ! Type266:Effectiveness ->Right axis variable-1 

Control  ! CONTROLS:Control ->Right axis variable-2 

77,1   ! Thermostat:Output control function ->Right axis variable-3 

CoolingControl  ! CONTROLS:CoolingControl ->Right axis variable-4 

*** INITIAL INPUT VALUES 

ProcAirIn CondAirInCool CondAirOut ProcAirOut RegenAirIn RegenAirOut 

HRVexh HRVfresh RegenAirHeat Effectiveness CONTROL HeatControl CoolingControl 

 

LABELS  3 

"Temperatures" 

"Temperature" 

"Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "Type91" (Type 91) 

*  

 

UNIT 17 TYPE 91  Type91 

*$UNIT_NAME Type91 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 1336 816 

*$LAYER Liquid desiccant #  

PARAMETERS 3 

.84  ! 1 Heat exchanger effectiveness 

3.559  ! 2 Specific heat of source side fluid 

2.8383  ! 3 Specific heat of load side fluid 

INPUTS 4 

75,1   ! RegenAirHeat:Outlet fluid temperature ->Source side inlet temperature 

75,2   ! RegenAirHeat:Outlet fluid flow rate ->Source side flow rate 

43,2   ! Sump:T_des_out_T ->Load side inlet temperature 

43,3   ! Sump:m_dot_LD_out_1 ->Load side flow rate 

*** INITIAL INPUT VALUES 

50 0 30 0  

*------------------------------------------------------------------------------ 

 

* Model "Type51a" (Type 51) 

*  

 

UNIT 23 TYPE 51  Type51a 

*$UNIT_NAME Type51a 

*$MODEL .\HVAC\Cooling Towers\External Performance File\Type51a.tmf 

*$POSITION 299 667 

*$LAYER Cooling Loop #  

PARAMETERS 11 

2  ! 1 Calculation mode 

1  ! 2 Flow geometry 

1  ! 3 Number of tower cells 

2099.999896  ! 4 Maximum cell flow rate 

.6  ! 5 Fan power at maximum flow 

9.999999  ! 6 Minimum cell flow rate 

0.1  ! 7 Sump volume 

15  ! 8 Initial sump temperature 

96  ! 9 Logical unit 

9  ! 10 Number of data points 

1  ! 11 Print performance results? 

INPUTS 6 

81,3   ! Trim Cooler:Load side outlet temperature ->Water inlet temperature 



155 

 

81,4   ! Trim Cooler:Load side flow rate ->Inlet water flow rate 

30,7   ! Ambient:Dry bulb temperature ->Dry bulb temperature 

30,2   ! Ambient:Wet bulb temperature ->Wet bulb temperature 

0,0  ! [unconnected] Sump make-up temperature 

CoolingControl  ! CONTROLS:CoolingControl ->Relative fan speed for cell 

*** INITIAL INPUT VALUES 

20 4500 22.5 12 10 0  

*** External files 

ASSIGN "CoolTwrData3.csv" 96 

*|? Which file contains the cooling tower performance data? |1000 

*------------------------------------------------------------------------------ 

 

* Model "RayPack HD-101 NG Boiler" (Type 700) 

*  

 

UNIT 22 TYPE 700  RayPack HD-101 NG Boiler 

*$UNIT_NAME RayPack HD-101 NG Boiler 

*$MODEL .\HVAC Library (TESS)\Boiler\Efficiencies as Inputs\Type700.tmf 

*$POSITION 1566 690 

*$LAYER Main #  

*$# BOILER 

PARAMETERS 3 

86399.993607  ! 1 Rated Capacity 

3.559  ! 2 Fluid specific heat 

.1  ! 3 Minimum turn-down ratio 

INPUTS 6 

26,1   ! Grundfos Magna 32:Outlet fluid temperature ->Inlet fluid temperature 

26,2   ! Grundfos Magna 32:Outlet flow rate ->Inlet fluid flowrate 

Control  ! CONTROLS:Control ->Input Control Signal 

0,0  ! [unconnected] Set-point temperature 

0,0  ! [unconnected] Boiler Efficiency 

0,0  ! [unconnected] Combustion Efficiency 

*** INITIAL INPUT VALUES 

30 1800 1 50 .6 .6  

*------------------------------------------------------------------------------ 

 

* Model "Grundfos Magna 32" (Type 3) 

*  

 

UNIT 26 TYPE 3  Grundfos Magna 32 

*$UNIT_NAME Grundfos Magna 32 

*$MODEL .\Hydronics\Pumps\Single Speed - no Powercoefficients\Type3d.tmf 

*$POSITION 1569 805 

*$LAYER Main #  

PARAMETERS 4 

2100  ! 1 Maximum flow rate 

3.559  ! 2 Fluid specific heat 

647.999978  ! 3 Maximum power 

0.05  ! 4 Conversion coefficient 

INPUTS 3 

67,1   ! Type11h:Outlet temperature ->Inlet fluid temperature 

67,2   ! Type11h:Outlet flow rate ->Inlet mass flow rate 

Control  ! CONTROLS:Control ->Control signal 

*** INITIAL INPUT VALUES 

20.0 1800 1  

*------------------------------------------------------------------------------ 

 

* Model "Ambient" (Type 33) 

*  

 

UNIT 30 TYPE 33  Ambient 

*$UNIT_NAME Ambient 
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*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Relative Humidity Known\Type33e.tmf 

*$POSITION 296 338 

*$LAYER Psychrometrics #  

PARAMETERS 3 

2  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

15,1   ! Weather data:Dry bulb temperature ->Dry bulb temp. 

15,7   ! Weather data:Percent relative humidity ->Percent relative humidity 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22.5 65 1  

*------------------------------------------------------------------------------ 

 

* Model "CanCoil Dry Cooler" (Type 511) 

*  

 

UNIT 40 TYPE 511  CanCoil Dry Cooler 

*$UNIT_NAME CanCoil Dry Cooler 

*$MODEL .\HVAC Library (TESS)\Dry Fluid Cooler\Type511.tmf 

*$POSITION 574 903 

*$LAYER Main #  

*$# DRY FLUID COOLER 

PARAMETERS 13 

1  ! 1 Heat exchanger mode 

32.2222  ! 2 Design inlet fluid temperature 

29.4444  ! 3 Design outlet fluid temperature 

2000  ! 4 Design fluid flow rate 

3.559  ! 5 Fluid specific heat 

15  ! 6 Design ambient air temperature 

20390  ! 7 Design air flow rate 

5369.039615  ! 8 Rated fan power 

10  ! 9 Ratio of liquid h to air h 

3  ! 10 Number of power coefficients 

0  ! 11 Power coefficient-1 

0  ! 12 Power coefficient-2 

0  ! 13 Power coefficient-3 

INPUTS 5 

96,3   ! CondAirInCool:Load side outlet temperature ->Fluid inlet temperature 

96,4   ! CondAirInCool:Load side flow rate ->Fluid flow rate 

15,1   ! Weather data:Dry bulb temperature ->Ambient temperature 

CoolingControl  ! CONTROLS:CoolingControl ->Fan control signal 

0,0  ! [unconnected] Desired outlet temperature 

*** INITIAL INPUT VALUES 

20 1593 22.5 0 10  

*------------------------------------------------------------------------------ 

 

* EQUATIONS "Conditioner Performance" 

*  

EQUATIONS 10 

Q_latent = 2257*([52,1]-[54,1])*[99,4] 

Q_sensible = Q_total-Q_latent 

Q_total = ([99,4])*([52,3]-[54,3]) 

GHheatingkw = [56,20]/3600 

latentkwh = Q_latent/50 

sensheatkwh = Q_sensible/50*(-[77,1]+1) 

senscoolkwh = Q_sensible/50*(and([59,1],[77,1])) 

Evapo = [84,1]/50 

ghheatingkwh = [56,20]/50/3600 

Boilerenergy = [22,3]/50/3600 

*$UNIT_NAME Conditioner Performance 
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*$LAYER OutputSystem 

*$POSITION 654 69 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Cooling Power" (Type 65) 

*  

 

UNIT 33 TYPE 65  Cooling Power 

*$UNIT_NAME Cooling Power 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 381 157 

*$LAYER Graphs #  

PARAMETERS 12 

4  ! 1 Nb. of left-axis variables 

3  ! 2 Nb. of right-axis variables 

-1  ! 3 Left axis minimum 

3.5  ! 4 Left axis maximum 

-1  ! 5 Right axis minimum 

3.5  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 7 

Q_latent  ! Conditioner Performance:Q_latent ->Left axis variable-1 

Q_sensible  ! Conditioner Performance:Q_sensible ->Left axis variable-2 

Q_total  ! Conditioner Performance:Q_total ->Left axis variable-3 

GHheatingkw  ! Conditioner Performance:GHheatingkw ->Left axis variable-4 

Control  ! CONTROLS:Control ->Right axis variable-1 

59,1   ! CoolingThermo:Output control function ->Right axis variable-2 

77,1   ! Thermostat:Output control function ->Right axis variable-3 

*** INITIAL INPUT VALUES 

Latent Sensible Total GHheat Dehum Cooling Heat  

LABELS  3 

"Cooling Power" 

"Cooling Power" 

"Cooling Power" 

*------------------------------------------------------------------------------ 

 

* Model "Sump" (Type 299) 

*  

 

UNIT 43 TYPE 299  Sump 

*$UNIT_NAME Sump 

*$MODEL .\My Components\Type299.tmf 

*$POSITION 1080 855 

*$LAYER Liquid desiccant #  

PARAMETERS 5 

.055  ! 1 Initial_Volume 

0.35  ! 2 Initial_C 

25  ! 3 Temp_Tank_C 

2.8383  ! 4 C_p_des_T 

179.999995  ! 5 UA 

INPUTS 9 

DesRegOutkghr  ! Mass Flow:DesRegOutkghr ->m_dot_ld_in_1 

99,3   ! Type266:Solution Temperature ->T_des_in_T_1 

99,6   ! Type266:Concentration ->C_in_1 

DesCondOutkghr  ! Mass Flow:DesCondOutkghr ->m_dot_ld_in_2 

70,3   ! Type266-2:Solution Temperature ->T_des_in_T_2 
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70,6   ! Type266-2:Concentration ->C_in_2 

SumpVolFlow  ! Mass Flow:SumpVolFlow ->Volume_Flow_Out_1 

SumpVolFlow  ! Mass Flow:SumpVolFlow ->Volume_Flow_Out_2 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->T_amb 

*** INITIAL INPUT VALUES 

300 1 1 300 1 1 325 325 22.5  

*------------------------------------------------------------------------------ 

 

* Model "GreenhouseAirOut" (Type 33) 

*  

 

UNIT 52 TYPE 33  GreenhouseAirOut 

*$UNIT_NAME GreenhouseAirOut 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 489 434 

*$LAYER Psychrometrics #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Dry bulb temp. 

56,4   ! Greenhouse: 4- ABSHUM_GREENHOUSE ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Moisture Addition" (Type 65) 

*  

 

UNIT 57 TYPE 65  Moisture Addition 

*$UNIT_NAME Moisture Addition 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1299 50 

*$LAYER Graphs #  

PARAMETERS 12 

5  ! 1 Nb. of left-axis variables 

2  ! 2 Nb. of right-axis variables 

-2  ! 3 Left axis minimum 

10  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

110  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 7 

80,1   ! Type24:Result of integration-1 ->Left axis variable-1 

80,2   ! Type24:Result of integration-2 ->Left axis variable-2 

80,3   ! Type24:Result of integration-3 ->Left axis variable-3 

80,4   ! Type24:Result of integration-4 ->Left axis variable-4 

80,5   ! Type24:Result of integration-5 ->Left axis variable-5 

84,4   ! Type843:QEvapotranspiration ->Right axis variable-1 

84,1   ! Type843:Evapotranspiration ->Right axis variable-2 

*** INITIAL INPUT VALUES 

Latent SensibleH GHheating Sensiblec Evapo RelHumGreenhouse RelHumConditionerO 

 

LABELS  3 

"Water Exchange Rate [kg/hr]" 
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"relative Humidity [%]" 

"Transpiration Rate" 

*------------------------------------------------------------------------------ 

 

* Model "AmbientAir" (Type 33) 

*  

 

UNIT 73 TYPE 33  AmbientAir 

*$UNIT_NAME AmbientAir 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Relative Humidity Known\Type33e.tmf 

*$POSITION 1542 400 

*$LAYER Psychrometrics #  

PARAMETERS 3 

2  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

15,1   ! Weather data:Dry bulb temperature ->Dry bulb temp. 

15,7   ! Weather data:Percent relative humidity ->Percent relative humidity 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 60 1  

*------------------------------------------------------------------------------ 

 

* Model "RegenAirHeat" (Type 670) 

*  

 

UNIT 75 TYPE 670  RegenAirHeat 

*$UNIT_NAME RegenAirHeat 

*$MODEL .\HVAC Library (TESS)\Heating Coils\Liquid Source\Effectiveness 

Approach\Type670.tmf 

*$POSITION 1374 706 

*$LAYER Main #  

*$# Heating Coil With Fluid-Side Bypass to Keep Air Outlet Below its Setpoint 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

1  ! 1 Humidity mode 

3.559  ! 2 Liquid specific heat 

INPUTS 10 

22,1   ! RayPack HD-101 NG Boiler:Outlet fluid temperature ->Fluid inlet 

temperature 

22,2   ! RayPack HD-101 NG Boiler:Outlet fluid flowrate ->Fluid flow rate 

78,3   ! HRV:Load side outlet temperature ->Air inlet temperature 

73,1   ! AmbientAir:Humidity ratio ->Air inlet humidity ratio 

0,0  ! [unconnected] Air inlet relative humidity 

78,4   ! HRV:Load side flow rate ->Air inlet flow rate 

0,0  ! [unconnected] Air inlet pressure 

0,0  ! [unconnected] Effectiveness of heat exchanger 

0,0  ! [unconnected] Air-side pressure drop 

0,0  ! [unconnected] Air set point temperature 

*** INITIAL INPUT VALUES 

50 2100 70 0.008 50 400 1 0 0 40  

*------------------------------------------------------------------------------ 

 

* Model "Cooling Temperatures" (Type 65) 

*  
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UNIT 64 TYPE 65  Cooling Temperatures 

*$UNIT_NAME Cooling Temperatures 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 359 989 

*$LAYER Graphs #  

PARAMETERS 12 

5  ! 1 Nb. of left-axis variables 

2  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

50  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 7 

40,1   ! CanCoil Dry Cooler:Fluid outlet temperature ->Left axis variable-1 

81,1   ! Trim Cooler:Source-side outlet temperature ->Left axis variable-2 

82,3   ! CondAirOutCool:Load side outlet temperature ->Left axis variable-3 

98,3   ! Desiccant Cool:Load side outlet temperature ->Left axis variable-4 

96,3   ! CondAirInCool:Load side outlet temperature ->Left axis variable-5 

99,7   ! Type266:Effectiveness ->Right axis variable-1 

0,0  ! [unconnected] Right axis variable-2 

*** INITIAL INPUT VALUES 

DryCoolOut TrimCoolerOut CondAirOutCool DesiccantCool CondAirInCool 

Effectiveness flow  

LABELS  3 

"Temperatures" 

"Temperature" 

"Cooling Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "Irradiation-2" (Type 65) 

*  

 

UNIT 69 TYPE 65  Irradiation-2 

*$UNIT_NAME Irradiation-2 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1154 50 

*$LAYER Graphs #  

PARAMETERS 12 

8  ! 1 Nb. of left-axis variables 

1  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

15000  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

15000  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 9 

56,8   ! Greenhouse: 8- QABSI_S8 ->Left axis variable-1 

56,9   ! Greenhouse: 9- QABSI_S12 ->Left axis variable-2 

56,10   ! Greenhouse: 10- QABSI_S14 ->Left axis variable-3 

56,11   ! Greenhouse: 11- QABSI_S13 ->Left axis variable-4 

56,12   ! Greenhouse: 12- QABSI_S15 ->Left axis variable-5 
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56,13   ! Greenhouse: 13- QABSI_S10 ->Left axis variable-6 

56,14   ! Greenhouse: 14- QABSI_S11 ->Left axis variable-7 

56,15   ! Greenhouse: 15- QABSI_S9 ->Left axis variable-8 

0,0  ! [unconnected] Right axis variable 

*** INITIAL INPUT VALUES 

IT_H_0_0 IT_S_0_90 IT_S_0_25 IT_W_90_90 IT_N_180_90 IT_N_180_25 IT_E_270_90 

IT_H_0_0 conc  

LABELS  3 

"Total  Incident Solar Radition [kJ/hr m²]" 

"Beam  Incident Solar Radition [kJ/hr m²]" 

"Irradition" 

*------------------------------------------------------------------------------ 

 

* Model "Trim Cooler" (Type 91) 

*  

 

UNIT 81 TYPE 91  Trim Cooler 

*$UNIT_NAME Trim Cooler 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 421 731 

*$LAYER Main #  

PARAMETERS 3 

.84  ! 1 Heat exchanger effectiveness 

3.559  ! 2 Specific heat of source side fluid 

4.19  ! 3 Specific heat of load side fluid 

INPUTS 4 

71,1   ! Type654:Outlet fluid temperature ->Source side inlet temperature 

71,2   ! Type654:Outlet flow rate ->Source side flow rate 

86,1   ! Grundfos Alpha 15:Outlet fluid temperature ->Load side inlet 

temperature 

86,2   ! Grundfos Alpha 15:Outlet flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 900 20 0  

*------------------------------------------------------------------------------ 

 

* Model "Grundfos Alpha 15" (Type 654) 

*  

 

UNIT 86 TYPE 654  Grundfos Alpha 15 

*$UNIT_NAME Grundfos Alpha 15 

*$MODEL .\Hydronics Library (TESS)\Pumps\Sets the Mass Flow Rate\Single-Speed\Constant 

Power\Type654.tmf 

*$POSITION 273 800 

*$LAYER Main #  

*$# SINGLE-SPEED PUMP 

PARAMETERS 4 

600.001198  ! 1 Rated flow rate 

2.8383  ! 2 Fluid specific heat 

0.045  ! 3 Rated power 

0.05  ! 4 Motor heat loss fraction 

INPUTS 5 

23,1   ! Type51a:Sump temperature ->Inlet fluid temperature 

23,2   ! Type51a:Sump flow rate ->Inlet fluid flow rate 

CoolingControl  ! CONTROLS:CoolingControl ->Control signal 

0,0  ! [unconnected] Overall pump efficiency 

0,0  ! [unconnected] Motor efficiency 

*** INITIAL INPUT VALUES 

20 0 0 .8 0.9  

*------------------------------------------------------------------------------ 

 

* Model "INPUT" (Type 25) 

*  
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UNIT 85 TYPE 25  INPUT 

*$UNIT_NAME INPUT 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 1661 370 

*$LAYER OutputSystem #  

PARAMETERS 10 

STEP  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

98  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 28 

56,5   ! Greenhouse: 5- RELHUM_GREENHOUSE ->Input to be printed-1 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Input to be printed-2 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Input to be printed-3 

54,7   ! CondAirOutCool-1:Dry bulb temperature ->Input to be printed-4 

15,7   ! Weather data:Percent relative humidity ->Input to be printed-5 

15,1   ! Weather data:Dry bulb temperature ->Input to be printed-6 

91,6   ! RegAirOut:Percent relative humidity  ->Input to be printed-7 

91,7   ! RegAirOut:Dry bulb temperature ->Input to be printed-8 

0,0  ! [unconnected] Input to be printed-9 

26,2   ! Grundfos Magna 32:Outlet flow rate ->Input to be printed-10 

40,1   ! CanCoil Dry Cooler:Fluid outlet temperature ->Input to be printed-11 

81,1   ! Trim Cooler:Source-side outlet temperature ->Input to be printed-12 

96,3   ! CondAirInCool:Load side outlet temperature ->Input to be printed-13 

22,1   ! RayPack HD-101 NG Boiler:Outlet fluid temperature ->Input to be 

printed-14 

17,1   ! Type91:Source-side outlet temperature ->Input to be printed-15 

67,1   ! Type11h:Outlet temperature ->Input to be printed-16 

56,4   ! Greenhouse: 4- ABSHUM_GREENHOUSE ->Input to be printed-17 

54,1   ! CondAirOutCool-1:Humidity ratio ->Input to be printed-18 

15,6   ! Weather data:Humidity ratio ->Input to be printed-19 

91,1   ! RegAirOut:Humidity ratio ->Input to be printed-20 

Control  ! CONTROLS:Control ->Input to be printed-21 

CoolingControl  ! CONTROLS:CoolingControl ->Input to be printed-22 

77,1   ! Thermostat:Output control function ->Input to be printed-23 

22,3   ! RayPack HD-101 NG Boiler:Fluid energy ->Input to be printed-24 

96,2   ! CondAirInCool:Source side flow rate ->Input to be printed-25 

75,6   ! RegenAirHeat:Outlet air flow rate ->Input to be printed-26 

52,8   ! GreenhouseAirOut:Dew point temperature. ->Input to be printed-27 

56,20   ! Greenhouse: 20- QHEAT_GREENHOUSE ->Input to be printed-28 

*** INITIAL INPUT VALUES 

ProcessAirInHum ProcessAirInTemp ProcessAirOutHum ProcessAirOutTemp 

RegAirInHum RegAirInTemp RegAirOutHum RegAirOutTemp ColdLiquidFlow 

HotLiquidFlow DryCoolerOut ProcessLiqIn ProcessLiqOut RegenLiquidIn 

RegenLiqOut RegenLiqOutOut ProcessInHR ProcessOutHR RegenInHR RegenOutHR 

DehumControl CoolingControl HeatingControl HeatAddedBoiler ProcessAirflow 

RegenAirflow DewPoint HeatingGH  

*** External files 

ASSIGN "CurrentSystem.out" 98 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "RegAirOut" (Type 33) 

*  

 

UNIT 91 TYPE 33  RegAirOut 



163 

 

*$UNIT_NAME RegAirOut 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1454 400 

*$LAYER Psychrometrics #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

70,1   ! Type266-2:Air Temperature ->Dry bulb temp. 

70,2   ! Type266-2:Humidity Ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Humidity Ratios" (Type 65) 

*  

 

UNIT 83 TYPE 65  Humidity Ratios 

*$UNIT_NAME Humidity Ratios 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 279 210 

*$LAYER Graphs #  

PARAMETERS 12 

5  ! 1 Nb. of left-axis variables 

1  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

0.018  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 6 

52,1   ! GreenhouseAirOut:Humidity ratio ->Left axis variable-1 

54,1   ! CondAirOutCool-1:Humidity ratio ->Left axis variable-2 

30,1   ! Ambient:Humidity ratio ->Left axis variable-3 

91,1   ! RegAirOut:Humidity ratio ->Left axis variable-4 

0,0  ! [unconnected] Left axis variable-5 

99,7   ! Type266:Effectiveness ->Right axis variable 

*** INITIAL INPUT VALUES 

CondAirInHumRat CondAirOutHumRat RegenAirInHumRat RegenAirOutHumRat 

hrvout Effectiveness  

LABELS  3 

"Humidity Ratios" 

"Humidity Ratios" 

"Humidity Ratios" 

*------------------------------------------------------------------------------ 

 

* Model "CondAirOut" (Type 33) 

*  

 

UNIT 93 TYPE 33  CondAirOut 

*$UNIT_NAME CondAirOut 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1373 400 

*$LAYER Psychrometrics #  
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PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

99,1   ! Type266:Air Temperature ->Dry bulb temp. 

99,2   ! Type266:Humidity Ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "CondAirInCool" (Type 91) 

*  

 

UNIT 96 TYPE 91  CondAirInCool 

*$UNIT_NAME CondAirInCool 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 702 893 

*$LAYER Water Loop #  

PARAMETERS 3 

.7  ! 1 Heat exchanger effectiveness 

1.218  ! 2 Specific heat of source side fluid 

3.559  ! 3 Specific heat of load side fluid 

INPUTS 4 

52,7   ! GreenhouseAirOut:Dry bulb temperature ->Source side inlet temperature 

CondAirInCoolFlow  ! Mass Flow:CondAirInCoolFlow ->Source side flow rate 

98,3   ! Desiccant Cool:Load side outlet temperature ->Load side inlet 

temperature 

98,4   ! Desiccant Cool:Load side flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 400 20 100  

*------------------------------------------------------------------------------ 

 

* Model "CondAirInCool-1" (Type 33) 

*  

 

UNIT 97 TYPE 33  CondAirInCool-1 

*$UNIT_NAME CondAirInCool-1 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1279 400 

*$LAYER Main #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

96,1   ! CondAirInCool:Source-side outlet temperature ->Dry bulb temp. 

52,1   ! GreenhouseAirOut:Humidity ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Desiccant Cool" (Type 91) 

*  

 

UNIT 98 TYPE 91  Desiccant Cool 

*$UNIT_NAME Desiccant Cool 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 831 851 

*$LAYER Main #  
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PARAMETERS 3 

1  ! 1 Heat exchanger effectiveness 

2.8383  ! 2 Specific heat of source side fluid 

3.559  ! 3 Specific heat of load side fluid 

INPUTS 4 

43,2   ! Sump:T_des_out_T ->Source side inlet temperature 

43,4   ! Sump:m_dot_LD_out_2 ->Source side flow rate 

74,1   ! Type11h-3:Outlet temperature ->Load side inlet temperature 

74,2   ! Type11h-3:Outlet flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 299.998802 15 0  

*------------------------------------------------------------------------------ 

 

* Model "CondAirOutCool" (Type 91) 

*  

 

UNIT 82 TYPE 91  CondAirOutCool 

*$UNIT_NAME CondAirOutCool 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 716 679 

*$LAYER Main #  

PARAMETERS 3 

.4  ! 1 Heat exchanger effectiveness 

1.218  ! 2 Specific heat of source side fluid 

3.559  ! 3 Specific heat of load side fluid 

INPUTS 4 

99,1   ! Type266:Air Temperature ->Source side inlet temperature 

96,2   ! CondAirInCool:Source side flow rate ->Source side flow rate 

63,1   ! Type11d:Outlet temperature ->Load side inlet temperature 

63,2   ! Type11d:Outlet flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 726.840019 20 2500  

*------------------------------------------------------------------------------ 

 

* Model "Type266" (Type 266) 

*  

 

UNIT 99 TYPE 266  Type266 

*$UNIT_NAME Type266 

*$MODEL .\user Types\Type266.TMF 

*$POSITION 934 725 

*$LAYER Main #  

PARAMETERS 2 

.5  ! 1 Mass Transfer Coef - area product 

0.01  ! 2 Tol On Solution Outlet 

INPUTS 8 

96,1   ! CondAirInCool:Source-side outlet temperature ->Air Temperature 

52,1   ! GreenhouseAirOut:Humidity ratio ->Humidity Ratio 

98,1   ! Desiccant Cool:Source-side outlet temperature ->Solution Temperature 

AirCondInkgsec  ! Mass Flow:AirCondInkgsec ->Air Mass Flow 

0,0  ! [unconnected] Solution Mass Flow 

43,1   ! Sump:C_out ->Concentration 

0,0  ! [unconnected] Patm 

Control  ! CONTROLS:Control ->Control 

*** INITIAL INPUT VALUES 

0 0 20 0.2019 .12 .35 100000 0  

*------------------------------------------------------------------------------ 

 

* Model "Type266-2" (Type 266) 

*  

 

UNIT 70 TYPE 266  Type266-2 

*$UNIT_NAME Type266-2 
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*$MODEL .\user Types\Type266.TMF 

*$POSITION 1205 724 

*$LAYER Main #  

PARAMETERS 2 

.3  ! 1 Mass Transfer Coef - area product 

0.01  ! 2 Tol On Solution Outlet 

INPUTS 8 

75,3   ! RegenAirHeat:Outlet air temperature ->Air Temperature 

75,4   ! RegenAirHeat:Outlet air humidity ratio ->Humidity Ratio 

17,3   ! Type91:Load side outlet temperature ->Solution Temperature 

AirRegInkgsec  ! Mass Flow:AirRegInkgsec ->Air Mass Flow 

0,0  ! [unconnected] Solution Mass Flow 

43,1   ! Sump:C_out ->Concentration 

0,0  ! [unconnected] Patm 

Control  ! CONTROLS:Control ->Control 

*** INITIAL INPUT VALUES 

50 0.016 45 0.08 .098 .32 100000 0  

*------------------------------------------------------------------------------ 

 

* EQUATIONS "Mass Flow" 

*  

EQUATIONS 7 

DesCondOutkghr = [99,5]*3600*Control 

AirCondInkgsec = [96,2]/3600 

DesRegOutkghr = [70,5]*3600*Control 

AirRegInkgsec = [75,6]/3600 

SumpVolFlow = Control*325 

CondAirInCoolFlow = 1200 

Regenairflow = Control*400 

*$UNIT_NAME Mass Flow 

*$LAYER Controls 

*$POSITION 1080 656 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Humidistat" (Type 2) 

*  

 

UNIT 61 TYPE 2  Humidistat 

*$UNIT_NAME Humidistat 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 830 402 

*$LAYER Controls #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,5   ! Greenhouse: 5- RELHUM_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

61,1   ! Humidistat:Output control function ->Input control function 
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0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

65 70 100 1 10 -10  

*------------------------------------------------------------------------------ 

 

* EQUATIONS "CONTROLS" 

*  

EQUATIONS 5 

Control = [61,1] 

CoolingControl = or(Control,[59,1]) 

InvCoolControl = -[59,1]+1 

HRVControl = and(Control,InvCoolControl) 

Shading = [101,1]*0.5 

*$UNIT_NAME CONTROLS 

*$LAYER Controls 

*$POSITION 930 402 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Relative Humidity" (Type 65) 

*  

 

UNIT 53 TYPE 65  Relative Humidity 

*$UNIT_NAME Relative Humidity 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1222 114 

*$LAYER Graphs #  

PARAMETERS 12 

4  ! 1 Nb. of left-axis variables 

1  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

100  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

1.1  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 5 

52,6   ! GreenhouseAirOut:Percent relative humidity  ->Left axis variable-1 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Left axis variable-2 

73,6   ! AmbientAir:Percent relative humidity  ->Left axis variable-3 

91,6   ! RegAirOut:Percent relative humidity  ->Left axis variable-4 

99,7   ! Type266:Effectiveness ->Right axis variable 

*** INITIAL INPUT VALUES 

CondAirInRelHum CondAirOutRelHum RegenAirInRelHum RegenAirOutRelHum 

Effectiveness  

LABELS  3 

"Relative Humidity" 

"Relative Humidity" 

"Relative Humidity" 

*------------------------------------------------------------------------------ 

 

* Model "CondAirOutCool-1" (Type 33) 

*  

 

UNIT 54 TYPE 33  CondAirOutCool-1 

*$UNIT_NAME CondAirOutCool-1 
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*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1166 400 

*$LAYER Psychrometrics #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

82,1   ! CondAirOutCool:Source-side outlet temperature ->Dry bulb temp. 

99,2   ! Type266:Humidity Ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Heating Temperatures" (Type 65) 

*  

 

UNIT 68 TYPE 65  Heating Temperatures 

*$UNIT_NAME Heating Temperatures 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 1383 957 

*$LAYER Graphs #  

PARAMETERS 12 

4  ! 1 Nb. of left-axis variables 

3  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

80  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

80  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 7 

22,1   ! RayPack HD-101 NG Boiler:Outlet fluid temperature ->Left axis variable-

1 

17,1   ! Type91:Source-side outlet temperature ->Left axis variable-2 

67,1   ! Type11h:Outlet temperature ->Left axis variable-3 

75,1   ! RegenAirHeat:Outlet fluid temperature ->Left axis variable-4 

22,3   ! RayPack HD-101 NG Boiler:Fluid energy ->Right axis variable-1 

0,0  ! [unconnected] Right axis variable-2 

70,7   ! Type266-2:Effectiveness ->Right axis variable-3 

*** INITIAL INPUT VALUES 

RegenIn RegenOut RegenOutOut RegenAirHeat BoilerEnergy ExpRegenOut 

RegenEffectiveness  

LABELS  3 

"Temperatures" 

"Temperatures" 

"Heating Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "Type11f" (Type 11) 

*  

 

UNIT 55 TYPE 11  Type11f 

*$UNIT_NAME Type11f 

*$MODEL .\Hydronics\Flow Diverter\Other Fluids\Type11f.tmf 

*$POSITION 528 722 

*$LAYER OutputSystem #  
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PARAMETERS 1 

2  ! 1 Controlled flow diverter mode 

INPUTS 3 

81,1   ! Trim Cooler:Source-side outlet temperature ->Inlet temperature 

81,2   ! Trim Cooler:Source side flow rate ->Inlet flow rate 

77,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

10 100 0  

*------------------------------------------------------------------------------ 

 

* Model "Type11f-2" (Type 11) 

*  

 

UNIT 60 TYPE 11  Type11f-2 

*$UNIT_NAME Type11f-2 

*$MODEL .\Hydronics\Flow Diverter\Other Fluids\Type11f.tmf 

*$POSITION 1427 882 

*$LAYER Main #  

PARAMETERS 1 

2  ! 1 Controlled flow diverter mode 

INPUTS 3 

17,1   ! Type91:Source-side outlet temperature ->Inlet temperature 

17,2   ! Type91:Source side flow rate ->Inlet flow rate 

77,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 0  

*------------------------------------------------------------------------------ 

 

* Model "Type11d" (Type 11) 

*  

 

UNIT 63 TYPE 11  Type11d 

*$UNIT_NAME Type11d 

*$MODEL .\Hydronics\Flow Mixer\Other Fluids\Type11d.tmf 

*$POSITION 841 530 

*$LAYER Main #  

PARAMETERS 1 

3  ! 1 Controlled flow mixer mode 

INPUTS 5 

60,1   ! Type11f-2:Temperature at outlet 1 ->Temperature at inlet 1 

60,2   ! Type11f-2:Flow rate at outlet 1 ->Flow rate at inlet 1 

55,3   ! Type11f:Temperature at outlet 2 ->Temperature at inlet 2 

55,4   ! Type11f:Flow rate at outlet 2 ->Flow rate at inlet 2 

77,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 20 100 0  

*------------------------------------------------------------------------------ 

 

* Model "Type11h" (Type 11) 

*  

 

UNIT 67 TYPE 11  Type11h 

*$UNIT_NAME Type11h 

*$MODEL .\Hydronics\Tee-Piece\Other Fluids\Type11h.tmf 

*$POSITION 1523 922 

*$LAYER Main #  

PARAMETERS 1 

1  ! 1 Tee piece mode 

INPUTS 4 

76,1   ! Type11f-3:Temperature at outlet 1 ->Temperature at inlet 1 

76,2   ! Type11f-3:Flow rate at outlet 1 ->Flow rate at inlet 1 

60,3   ! Type11f-2:Temperature at outlet 2 ->Temperature at inlet 2 

60,4   ! Type11f-2:Flow rate at outlet 2 ->Flow rate at inlet 2 
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*** INITIAL INPUT VALUES 

20 100 20 100  

*------------------------------------------------------------------------------ 

 

* Model "Type11h-3" (Type 11) 

*  

 

UNIT 74 TYPE 11  Type11h-3 

*$UNIT_NAME Type11h-3 

*$MODEL .\Hydronics\Tee-Piece\Other Fluids\Type11h.tmf 

*$POSITION 606 807 

*$LAYER Water Loop #  

PARAMETERS 1 

1  ! 1 Tee piece mode 

INPUTS 4 

55,1   ! Type11f:Temperature at outlet 1 ->Temperature at inlet 1 

55,2   ! Type11f:Flow rate at outlet 1 ->Flow rate at inlet 1 

76,3   ! Type11f-3:Temperature at outlet 2 ->Temperature at inlet 2 

76,4   ! Type11f-3:Flow rate at outlet 2 ->Flow rate at inlet 2 

*** INITIAL INPUT VALUES 

20 100 20 100  

*------------------------------------------------------------------------------ 

 

* Model "Type11f-3" (Type 11) 

*  

 

UNIT 76 TYPE 11  Type11f-3 

*$UNIT_NAME Type11f-3 

*$MODEL .\Hydronics\Flow Diverter\Other Fluids\Type11f.tmf 

*$POSITION 715 775 

*$LAYER Water Loop #  

PARAMETERS 1 

2  ! 1 Controlled flow diverter mode 

INPUTS 3 

82,3   ! CondAirOutCool:Load side outlet temperature ->Inlet temperature 

82,4   ! CondAirOutCool:Load side flow rate ->Inlet flow rate 

77,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 0  

*------------------------------------------------------------------------------ 

 

* Model "Thermostat" (Type 2) 

*  

 

UNIT 77 TYPE 2  Thermostat 

*$UNIT_NAME Thermostat 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 1035 402 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 
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INPUTS 6 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

77,1   ! Thermostat:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 19 100 1 3 -1  

*------------------------------------------------------------------------------ 

 

* Model "CoolingThermo" (Type 2) 

*  

 

UNIT 59 TYPE 2  CoolingThermo 

*$UNIT_NAME CoolingThermo 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 747 402 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

59,1   ! CoolingThermo:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 25 100 1 2 -2  

*------------------------------------------------------------------------------ 

 

* Model "INPUT-2" (Type 25) 

*  

 

UNIT 79 TYPE 25  INPUT-2 

*$UNIT_NAME INPUT-2 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 968 50 

*$LAYER OutputSystem #  

PARAMETERS 10 

-1  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

100  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 
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INPUTS 6 

80,1   ! Type24:Result of integration-1 ->Input to be printed-1 

80,4   ! Type24:Result of integration-4 ->Input to be printed-2 

80,3   ! Type24:Result of integration-3 ->Input to be printed-3 

80,2   ! Type24:Result of integration-2 ->Input to be printed-4 

80,5   ! Type24:Result of integration-5 ->Input to be printed-5 

80,6   ! Type24:Result of integration-6 ->Input to be printed-6 

*** INITIAL INPUT VALUES 

Latent SensibleC GHHeating SensibleH evapo Boiler  

*** External files 

ASSIGN "Integrator.out" 100 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "Type24" (Type 24) 

*  

 

UNIT 80 TYPE 24  Type24 

*$UNIT_NAME Type24 

*$MODEL .\Utility\Integrators\Quantity Integrator\Type24.tmf 

*$POSITION 815 61 

*$LAYER OutputSystem #  

PARAMETERS 2 

-1  ! 1 Integration period 

0  ! 2 Relative or absolute start time 

INPUTS 6 

latentkwh  ! Conditioner Performance:latentkwh ->Input to be integrated-1 

sensheatkwh  ! Conditioner Performance:sensheatkwh ->Input to be integrated-2 

ghheatingkwh  ! Conditioner Performance:ghheatingkwh ->Input to be integrated-3 

senscoolkwh  ! Conditioner Performance:senscoolkwh ->Input to be integrated-4 

Evapo  ! Conditioner Performance:Evapo ->Input to be integrated-5 

Boilerenergy  ! Conditioner Performance:Boilerenergy ->Input to be integrated-6 

*** INITIAL INPUT VALUES 

0 0 0 0 0 0  

*------------------------------------------------------------------------------ 

 

* Model "Type843" (Type 843) 

*  

 

UNIT 84 TYPE 843  Type843 

*$UNIT_NAME Type843 

*$MODEL .\My Components\Type843.tmf 

*$POSITION 829 306 

*$LAYER Main #  

PARAMETERS 13 

40  ! 1 Area 

1  ! 2 Plant's Height 

140  ! 3 Minimum Leaf Resistance [s/m] 

2  ! 4 Height of wind measurements 

1  ! 5 Height of humidity measurements 

1000  ! 6 Coef. J-S for Radiation S1 

100  ! 7 Coef. J-S for Radiation S2 

0  ! 8 Coef. J-S for Temp t1 

20  ! 9 Coef. J-S for Temp t2 

40  ! 10 Coef. J-S for Temp t3 

4  ! 11 Coef. J-S for VP deficit V1 

1  ! 12 Coef. J-S VP deficit V2 

0.015  ! 13 Coef. J-S VP deficit V3 

INPUTS 8 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Air Temperature 

relhum2  ! Evapotrans Calc-3:relhum2 ->Relative Humidity 

0,0  ! [unconnected] Air Pressure 
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0,0  ! [unconnected] Air Density 

0,0  ! [unconnected] Air cp 

0,0  ! [unconnected] Air Velocity 

Radnew  ! Evapotrans Calc-3:Radnew ->Irradiance 

0,0  ! [unconnected] Interception Factor 

*** INITIAL INPUT VALUES 

20 .75 101.3 1.2 1028 .5 600 0.5  

*------------------------------------------------------------------------------ 

 

* Model "Type14h-2" (Type 14) 

*  

 

UNIT 87 TYPE 14  Type14h-2 

*$UNIT_NAME Type14h-2 

*$MODEL .\Utility\Forcing Functions\General\Type14h.tmf 

*$POSITION 1074 229 

*$LAYER Main #  

PARAMETERS 12 

0  ! 1 Initial value of time 

1  ! 2 Initial value of function 

1415.999946  ! 3 Time at point-1 

1  ! 4 Value at point -1 

1415.999946  ! 5 Time at point-2 

0  ! 6 Value at point -2 

6552.000172  ! 7 Time at point-3 

0  ! 8 Value at point -3 

6552.000172  ! 9 Time at point-4 

1  ! 10 Value at point -4 

8760.000229  ! 11 Time at point-5 

1  ! 12 Value at point -5 

*------------------------------------------------------------------------------ 

 

* EQUATIONS "Evapotrans Calc-3" 

*  

EQUATIONS 6 

EvapotranspNew = 6 

Radnew = ([15,18]/3.6*.747+lightcontrol)*([101,1]*0.5+(-[101,1]+1)*1) 

relhum2 = [56,5]/100 

TotalRad = IT_H_0_0/3.6 

lightcontrol = and(and(LightControlinv,[89,1]),[87,1])*54 

LightControlinv = -[90,1]+1 

*$UNIT_NAME Evapotrans Calc-3 

*$LAYER Main 

*$POSITION 952 307 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Type14h" (Type 14) 

*  

 

UNIT 89 TYPE 14  Type14h 

*$UNIT_NAME Type14h 

*$MODEL .\Utility\Forcing Functions\General\Type14h.tmf 

*$POSITION 1148 229 

*$LAYER Main #  

PARAMETERS 12 

0  ! 1 Initial value of time 

0  ! 2 Initial value of function 

6  ! 3 Time at point-1 

0  ! 4 Value at point -1 

6  ! 5 Time at point-2 

1  ! 6 Value at point -2 
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20  ! 7 Time at point-3 

1  ! 8 Value at point -3 

20  ! 9 Time at point-4 

0  ! 10 Value at point -4 

24  ! 11 Time at point-5 

0  ! 12 Value at point -5 

*------------------------------------------------------------------------------ 

 

* Model "Light Control" (Type 2) 

*  

 

UNIT 90 TYPE 2  Light Control 

*$UNIT_NAME Light Control 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 951 218 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

1200  ! 2 High limit cut-out 

INPUTS 6 

15,18   ! Weather data:Total horizontal radiation ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

90,1   ! Light Control:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 0 1000 1 50 -20  

*------------------------------------------------------------------------------ 

 

* Model "INPUT-3" (Type 25) 

*  

 

UNIT 92 TYPE 25  INPUT-3 

*$UNIT_NAME INPUT-3 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 1661 456 

*$LAYER OutputSystem #  

PARAMETERS 10 

STEP  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

101  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 16 

56,5   ! Greenhouse: 5- RELHUM_GREENHOUSE ->Input to be printed-1 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Input to be printed-2 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Input to be printed-3 

82,1   ! CondAirOutCool:Source-side outlet temperature ->Input to be printed-4 
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73,6   ! AmbientAir:Percent relative humidity  ->Input to be printed-5 

73,7   ! AmbientAir:Dry bulb temperature ->Input to be printed-6 

Q_latent  ! Conditioner Performance:Q_latent ->Input to be printed-7 

Q_sensible  ! Conditioner Performance:Q_sensible ->Input to be printed-8 

GHheatingkw  ! Conditioner Performance:GHheatingkw ->Input to be printed-9 

latentkwh  ! Conditioner Performance:latentkwh ->Input to be printed-10 

sensheatkwh  ! Conditioner Performance:sensheatkwh ->Input to be printed-11 

senscoolkwh  ! Conditioner Performance:senscoolkwh ->Input to be printed-12 

Evapo  ! Conditioner Performance:Evapo ->Input to be printed-13 

22,3   ! RayPack HD-101 NG Boiler:Fluid energy ->Input to be printed-14 

81,1   ! Trim Cooler:Source-side outlet temperature ->Input to be printed-15 

96,3   ! CondAirInCool:Load side outlet temperature ->Input to be printed-16 

*** INITIAL INPUT VALUES 

ProcessAirInHum ProcessAirInTemp ProcessAirOutHum ProcessAirOutTemp 

RegAirInHum RegAirInTemp LatentkW SensiblekW GhHeatkw latentkwh sensiblekwh 

senscoolkwh evopotranskgpermetr2 boilerheat CoolLiquidIn CoolLiquidOut 

 

*** External files 

ASSIGN "summer.out" 101 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "INPUT-4" (Type 25) 

*  

 

UNIT 94 TYPE 25  INPUT-4 

*$UNIT_NAME INPUT-4 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 1096 317 

*$LAYER OutputSystem #  

PARAMETERS 10 

STEP  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

102  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 22 

Q_latent  ! Conditioner Performance:Q_latent ->Input to be printed-1 

Q_sensible  ! Conditioner Performance:Q_sensible ->Input to be printed-2 

GHheatingkw  ! Conditioner Performance:GHheatingkw ->Input to be printed-3 

TotalRad  ! Evapotrans Calc-3:TotalRad ->Input to be printed-4 

84,1   ! Type843:Evapotranspiration ->Input to be printed-5 

52,7   ! GreenhouseAirOut:Dry bulb temperature ->Input to be printed-6 

52,6   ! GreenhouseAirOut:Percent relative humidity  ->Input to be printed-7 

52,1   ! GreenhouseAirOut:Humidity ratio ->Input to be printed-8 

54,7   ! CondAirOutCool-1:Dry bulb temperature ->Input to be printed-9 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Input to be printed-10 

54,1   ! CondAirOutCool-1:Humidity ratio ->Input to be printed-11 

73,7   ! AmbientAir:Dry bulb temperature ->Input to be printed-12 

73,6   ! AmbientAir:Percent relative humidity  ->Input to be printed-13 

73,1   ! AmbientAir:Humidity ratio ->Input to be printed-14 

Control  ! CONTROLS:Control ->Input to be printed-15 

CoolingControl  ! CONTROLS:CoolingControl ->Input to be printed-16 

77,1   ! Thermostat:Output control function ->Input to be printed-17 

22,3   ! RayPack HD-101 NG Boiler:Fluid energy ->Input to be printed-18 

81,1   ! Trim Cooler:Source-side outlet temperature ->Input to be printed-19 

96,3   ! CondAirInCool:Load side outlet temperature ->Input to be printed-20 
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78,3   ! HRV:Load side outlet temperature ->Input to be printed-21 

91,7   ! RegAirOut:Dry bulb temperature ->Input to be printed-22 

*** INITIAL INPUT VALUES 

Latent Sensible Ghheating Irradiance Evapotrans ghtemp ghrelhum ghhumrat 

condouttemp condoutrelhum condouthumrat ambtemp ambrelhum ambhumrat 

DehumC SensC HeatC BoilerEnergy CoolingLiqIn CoolingLiqout HRVout REGENOUT 

 

*** External files 

ASSIGN "summer2days.out" 102 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "Desiccant temperatures" (Type 65) 

*  

 

UNIT 100 TYPE 65  Desiccant temperatures 

*$UNIT_NAME Desiccant temperatures 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1088 946 

*$LAYER Graphs #  

PARAMETERS 12 

5  ! 1 Nb. of left-axis variables 

2  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

50  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 7 

43,2   ! Sump:T_des_out_T ->Left axis variable-1 

98,1   ! Desiccant Cool:Source-side outlet temperature ->Left axis variable-2 

99,3   ! Type266:Solution Temperature ->Left axis variable-3 

17,3   ! Type91:Load side outlet temperature ->Left axis variable-4 

70,3   ! Type266-2:Solution Temperature ->Left axis variable-5 

0,0  ! [unconnected] Right axis variable-1 

43,1   ! Sump:C_out ->Right axis variable-2 

*** INITIAL INPUT VALUES 

sumpout descoolout condout desheatout regenout Effectiveness conc  

LABELS  3 

"Temperatures" 

"Temperature" 

"Des Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "Type654" (Type 654) 

*  

 

UNIT 71 TYPE 654  Type654 

*$UNIT_NAME Type654 

*$MODEL .\Hydronics Library (TESS)\Pumps\Sets the Mass Flow Rate\Single-Speed\Constant 

Power\Type654.tmf 

*$POSITION 433 903 

*$LAYER Main #  

*$# SINGLE-SPEED PUMP 

PARAMETERS 4 

1593  ! 1 Rated flow rate 

3.559  ! 2 Fluid specific heat 
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647.999978  ! 3 Rated power 

0.05  ! 4 Motor heat loss fraction 

INPUTS 5 

40,1   ! CanCoil Dry Cooler:Fluid outlet temperature ->Inlet fluid temperature 

40,2   ! CanCoil Dry Cooler:Outlet fluid flow rate ->Inlet fluid flow rate 

0,0  ! [unconnected] Control signal 

0,0  ! [unconnected] Overall pump efficiency 

0,0  ! [unconnected] Motor efficiency 

*** INITIAL INPUT VALUES 

20 0 1 .8 0.9  

*------------------------------------------------------------------------------ 

 

* Model "HRV" (Type 91) 

*  

 

UNIT 78 TYPE 91  HRV 

*$UNIT_NAME HRV 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 1514 528 

*$LAYER Main #  

PARAMETERS 3 

.8  ! 1 Heat exchanger effectiveness 

1.029  ! 2 Specific heat of source side fluid 

1.029  ! 3 Specific heat of load side fluid 

INPUTS 4 

91,7   ! RegAirOut:Dry bulb temperature ->Source side inlet temperature 

Regenairflow  ! Mass Flow:Regenairflow ->Source side flow rate 

73,7   ! AmbientAir:Dry bulb temperature ->Load side inlet temperature 

Regenairflow  ! Mass Flow:Regenairflow ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 400 20 0  

*------------------------------------------------------------------------------ 

 

* Model "Shading" (Type 2) 

*  

 

UNIT 101 TYPE 2  Shading 

*$UNIT_NAME Shading 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 347 413 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

101,1   ! Shading:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 28 100 1 2 -3  

*------------------------------------------------------------------------------ 

 

END 
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Case II: HP-LDAC Simulation 

VERSION 17 

******************************************************************************* 

*** TRNSYS input file (deck) generated by TrnsysStudio 

*** on Monday, September 05, 2016 at 22:35 

*** from TrnsysStudio project: C:\Users\Tammo\Dropbox\Recovery\Tammo\Full Model 

Simulation HP 4 cooling tower 9 5 2016.tpf 

***  

*** If you edit this file, use the File/Import TRNSYS Input File function in  

*** TrnsysStudio to update the project.  

***  

*** If you have problems, questions or suggestions please contact your local  

*** TRNSYS distributor or mailto:software@cstb.fr  

***  

******************************************************************************* 

 

 

******************************************************************************* 

*** Units  

******************************************************************************* 

 

******************************************************************************* 

*** Control cards 

******************************************************************************* 

* START, STOP and STEP 

CONSTANTS 3 

START=600 

STOP=648 

STEP=0.083333331 

SIMULATION   START  STOP  STEP ! Start time End time Time step 

TOLERANCES 0.001 0.001   ! Integration  Convergence 

LIMITS 30 15000 1000    ! Max iterations Max warnings Trace 

limit 

DFQ 1     ! TRNSYS numerical integration solver method 

WIDTH 72    ! TRNSYS output file width, number of characters 

LIST      ! NOLIST statement 

     ! MAP statement 

SOLVER 0 1 1    ! Solver statement Minimum relaxation factor

 Maximum relaxation factor 

NAN_CHECK 0    ! Nan DEBUG statement 

OVERWRITE_CHECK 0   ! Overwrite DEBUG statement 

TIME_REPORT 0   ! disable time report 

EQSOLVER 0    ! EQUATION SOLVER statement 

* User defined CONSTANTS  

 

 

* EQUATIONS "Wizard settings" 

*  

EQUATIONS 8 

TURN = 270 

SHADE_CLOSE = 140 * 3.6! Close blinds - radiation on facade in [W/m2 * 3.6]=[kJ/hr] 

SHADE_OPEN = 120 * 3.6! Open blinds - radiation on facade in [W/m2 * 3.6]=[kJ/hr] 

MAX_ISHADE = 70/100 ! Maximum opaque fraction of internal shading device 

MAX_ESHADE = 70/100 ! Maximum opaque fraction of external shading device 

IT_LIGHT_ON = (-120) * 3.6 ! turn light on (radiaton on the horizontal in [W/mÂ² * 

3.6]=[kJ/hr] 

IT_LIGHT_OFF = (- 200) * 3.6 ! turn light on (radiaton on the horizontal in [W/mÂ² * 

3.6]=[kJ/hr] 

BRIGHT = [200,1] !Input for light control 

*$UNIT_NAME Wizard settings 

*$LAYER OutputSystem 
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*$POSITION 31 135 

 

*------------------------------------------------------------------------------ 

 

 

* EQUATIONS "AzimuthAngles" 

*  

EQUATIONS 8 

AA_H_0_0 = 0 + TURN ! azimuth angle of orientation 

AA_S_0_90 = 0 + TURN ! azimuth angle of orientation 

AA_S_0_25 = 0 + TURN ! azimuth angle of orientation 

AA_W_90_90 = 90 + TURN ! azimuth angle of orientation 

AA_N_180_90 = 180 + TURN ! azimuth angle of orientation 

AA_N_180_25 = 180 + TURN ! azimuth angle of orientation 

AA_E_270_90 = 270 + TURN ! azimuth angle of orientation 

AAZM_TYPE56 = AAZM - TURN ! solar azimuth corrected by building rotation - Input for 

Type 56 sun position for SHM and ISM 

*$UNIT_NAME AzimuthAngles 

*$LAYER OutputSystem 

*$POSITION 20 39 

 

*------------------------------------------------------------------------------ 

 

 

* EQUATIONS "Radiation" 

*  

EQUATIONS 24 

AZEN = [15,16] 

AAZM = [15,17] 

IT_H_0_0 = [15,24] 

IB_H_0_0 = [15,31] 

AI_H_0_0 = [15,59] 

IT_S_0_90 = [15,25] 

IB_S_0_90 = [15,32] 

AI_S_0_90 = [15,60] 

IT_S_0_25 = [15,26] 

IB_S_0_25 = [15,33] 

AI_S_0_25 = [15,61] 

IT_W_90_90 = [15,27] 

IB_W_90_90 = [15,34] 

AI_W_90_90 = [15,62] 

IT_N_180_90 = [15,28] 

IB_N_180_90 = [15,35] 

AI_N_180_90 = [15,63] 

IT_N_180_25 = [15,29] 

IB_N_180_25 = [15,36] 

AI_N_180_25 = [15,64] 

IT_E_270_90 = [15,30] 

IB_E_270_90 = [15,37] 

AI_E_270_90 = [15,65] 

hour_of_day = MOD(TIME,24) 

*$UNIT_NAME Radiation 

*$LAYER OutputSystem 

*$POSITION 143 29 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Weather data" (Type 15) 

*  

 

UNIT 15 TYPE 15  Weather data 

*$UNIT_NAME Weather data 
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*$MODEL .\Weather Data Reading and Processing\Standard Format\TMY2\Type15-2.tmf 

*$POSITION 549 349 

*$LAYER Main #  

PARAMETERS 27 

2  ! 1 File Type 

118  ! 2 Logical unit 

5  ! 3 Tilted Surface Radiation Mode 

0.2  ! 4 Ground reflectance - no snow 

0.7  ! 5 Ground reflectance - snow cover 

7  ! 6 Number of surfaces 

1  ! 7 Tracking mode-1 

0  ! 8 Slope of surface-1 

AA_H_0_0  ! 9 Azimuth of surface-1 

1  ! 10 Tracking mode-2 

90  ! 11 Slope of surface-2 

AA_S_0_90  ! 12 Azimuth of surface-2 

1  ! 13 Tracking mode-3 

25  ! 14 Slope of surface-3 

AA_S_0_25  ! 15 Azimuth of surface-3 

1  ! 16 Tracking mode-4 

90  ! 17 Slope of surface-4 

AA_W_90_90  ! 18 Azimuth of surface-4 

1  ! 19 Tracking mode-5 

90  ! 20 Slope of surface-5 

AA_N_180_90  ! 21 Azimuth of surface-5 

1  ! 22 Tracking mode-6 

25  ! 23 Slope of surface-6 

AA_N_180_25  ! 24 Azimuth of surface-6 

1  ! 25 Tracking mode-7 

90  ! 26 Slope of surface-7 

AA_E_270_90  ! 27 Azimuth of surface-7 

*** External files 

ASSIGN "C:\Trnsys17\Weather\US-TMY2\US-MI-Detroit-94847.tm2" 118 

*|? Which file contains the TMY-2 weather data? |1000 

*------------------------------------------------------------------------------ 

 

* Model "Lights" (Type 2) 

*  

 

UNIT 200 TYPE 2  Lights 

*$UNIT_NAME Lights 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 123 146 

*$LAYER OutputSystem #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

40000  ! 2 High limit cut-out 

INPUTS 6 

0,0  ! [unconnected] Upper input value 

IT_H_0_0  ! Radiation:IT_H_0_0 ->Lower input value 

0,0  ! [unconnected] Monitoring value 

200,1   ! Lights:Output control function ->Input control function 
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IT_LIGHT_ON  ! [equation] Upper dead band 

IT_LIGHT_OFF  ! [equation] Lower dead band 

*** INITIAL INPUT VALUES 

0 0 0 0 IT_LIGHT_ON IT_LIGHT_OFF  

*------------------------------------------------------------------------------ 

 

* Model "Greenhouse" (Type 56) 

*  

 

UNIT 56 TYPE 56  Greenhouse 

*$UNIT_NAME Greenhouse 

*$MODEL .\Loads and Structures\Multi-Zone Building\Type56.tmf 

*$POSITION 620 469 

*$LAYER Main #  

*$#    

PARAMETERS 3 

117  ! 1 Logical unit for building description file (.bui) 

1  ! 2 Star network calculation switch 

0.5  ! 3 Weighting factor for operative temperature 

INPUTS 21 

15,1   ! Weather data:Dry bulb temperature -> 1- TAMB 

15,7   ! Weather data:Percent relative humidity -> 2- RELHUMAMB 

15,4   ! Weather data:Effective sky temperature -> 3- TSKY 

0,0  ! [unconnected]  4- TSGRD 

15,16   ! Weather data:Solar zenith angle -> 5- AZEN 

AAZM_TYPE56  ! AzimuthAngles:AAZM_TYPE56 -> 6- AAZM 

15,107   ! Weather data:Ground reflectance -> 7- GRDREF 

0,0  ! [unconnected]  8- TGROUND 

0,0  ! [unconnected]  9- TBOUNDARY 

BRIGHT  ! Wizard settings:BRIGHT -> 10- BRIGHT 

SHADE_CLOSE  ! Wizard settings:SHADE_CLOSE -> 11- SHADE_CLOSE 

SHADE_OPEN  ! Wizard settings:SHADE_OPEN -> 12- SHADE_OPEN 

MAX_ISHADE  ! Wizard settings:MAX_ISHADE -> 13- MAX_ISHADE 

MAX_ESHADE  ! Wizard settings:MAX_ESHADE -> 14- MAX_ESHADE 

82,2   ! CondAirOutCool:Source side flow rate -> 15- COND_OUT_FLOW 

82,1   ! CondAirOutCool:Source-side outlet temperature -> 16- COND_OUT_TEMP 

77,1   ! Type843:Evapotranspiration -> 17- TRANS_RATE 

93,1   ! CondAirOut:Humidity ratio -> 18- COND_OUT_HUMRAT 

0,0  ! [unconnected]  19- INFILTRATION 

77,4   ! Type843:QEvapotranspiration -> 20- QTRANS 

Shading  ! CONTROLS:Shading -> 21- SHADE 

*** INITIAL INPUT VALUES 

19 77 0 15 0 0 0 15 15 0 0 0 0 0 0 0 13 0 .5 0 0  

*** External files 

ASSIGN "greenhouse.b17" 117 

*|? Building description file (*.bui) |1000 

*------------------------------------------------------------------------------ 

 

* Model "Irradiation" (Type 65) 

*  

 

UNIT 65 TYPE 65  Irradiation 

*$UNIT_NAME Irradiation 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 415 93 

*$LAYER Graphs #  

PARAMETERS 12 

7  ! 1 Nb. of left-axis variables 

7  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

3600  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3600  ! 6 Right axis maximum 
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1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 14 

IT_H_0_0  ! Radiation:IT_H_0_0 ->Left axis variable-1 

IT_S_0_90  ! Radiation:IT_S_0_90 ->Left axis variable-2 

IT_S_0_25  ! Radiation:IT_S_0_25 ->Left axis variable-3 

IT_W_90_90  ! Radiation:IT_W_90_90 ->Left axis variable-4 

IT_N_180_90  ! Radiation:IT_N_180_90 ->Left axis variable-5 

IT_N_180_25  ! Radiation:IT_N_180_25 ->Left axis variable-6 

IT_E_270_90  ! Radiation:IT_E_270_90 ->Left axis variable-7 

IB_H_0_0  ! Radiation:IB_H_0_0 ->Right axis variable-1 

IB_S_0_90  ! Radiation:IB_S_0_90 ->Right axis variable-2 

IB_S_0_25  ! Radiation:IB_S_0_25 ->Right axis variable-3 

IB_W_90_90  ! Radiation:IB_W_90_90 ->Right axis variable-4 

IB_N_180_90  ! Radiation:IB_N_180_90 ->Right axis variable-5 

IB_N_180_25  ! Radiation:IB_N_180_25 ->Right axis variable-6 

IB_E_270_90  ! Radiation:IB_E_270_90 ->Right axis variable-7 

*** INITIAL INPUT VALUES 

IT_H_0_0 IT_S_0_90 IT_S_0_25 IT_W_90_90 IT_N_180_90 IT_N_180_25 IT_E_270_90 

IB_H_0_0 IB_S_0_90 IB_S_0_25 IB_W_90_90 IB_N_180_90 IB_N_180_25 IB_E_270_90 

 

LABELS  3 

"Total  Incident Solar Radition [kJ/hr m²]" 

"Beam  Incident Solar Radition [kJ/hr m²]" 

"Irradition" 

*------------------------------------------------------------------------------ 

 

* Model "Temperature" (Type 65) 

*  

 

UNIT 66 TYPE 65  Temperature 

*$UNIT_NAME Temperature 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 419 242 

*$LAYER Graphs #  

PARAMETERS 12 

6  ! 1 Nb. of left-axis variables 

7  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

50  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3.5  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 13 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Left axis variable-1 

82,1   ! CondAirOutCool:Source-side outlet temperature ->Left axis variable-2 

73,7   ! AmbientAir:Dry bulb temperature ->Left axis variable-3 

91,7   ! RegAirOut:Dry bulb temperature ->Left axis variable-4 

58,6   ! HRV:Fresh air temperature ->Left axis variable-5 

58,1   ! HRV:Exhaust air temperature ->Left axis variable-6 

99,7   ! Type266:Effectiveness ->Right axis variable-1 

HControl  ! CONTROLS:HControl ->Right axis variable-2 

59,1   ! Thermostat:Output control function ->Right axis variable-3 

HPControl  ! CONTROLS:HPControl ->Right axis variable-4 
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80,1   ! Thermostat-4:Output control function ->Right axis variable-5 

79,8   ! Type927:Coefficient of Performance (C.O.P) ->Right axis variable-6 

79,7   ! Type927: power ->Right axis variable-7 

*** INITIAL INPUT VALUES 

ProcAirIn ProcAirOut RegenAirIn RegenAirOut HRVfresh HRVscavout Effectiveness 

HumStat HeatTherstat HumTherStat CoolTherStat COP HpPower  

LABELS  3 

"Temperatures" 

"Temperature" 

"Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "Type91" (Type 91) 

*  

 

UNIT 17 TYPE 91  Type91 

*$UNIT_NAME Type91 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 1280 827 

*$LAYER Liquid desiccant #  

PARAMETERS 3 

.9  ! 1 Heat exchanger effectiveness 

3.559  ! 2 Specific heat of source side fluid 

2.8383  ! 3 Specific heat of load side fluid 

INPUTS 4 

75,1   ! RegenAirHeat:Outlet fluid temperature ->Source side inlet temperature 

75,2   ! RegenAirHeat:Outlet fluid flow rate ->Source side flow rate 

43,2   ! Sump:T_des_out_T ->Load side inlet temperature 

43,3   ! Sump:m_dot_LD_out_1 ->Load side flow rate 

*** INITIAL INPUT VALUES 

50 0 30 0  

*------------------------------------------------------------------------------ 

 

* Model "Ambient" (Type 33) 

*  

 

UNIT 30 TYPE 33  Ambient 

*$UNIT_NAME Ambient 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Relative Humidity Known\Type33e.tmf 

*$POSITION 274 391 

*$LAYER OutputSystem #  

PARAMETERS 3 

2  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

15,1   ! Weather data:Dry bulb temperature ->Dry bulb temp. 

15,7   ! Weather data:Percent relative humidity ->Percent relative humidity 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22.5 65 1  

*------------------------------------------------------------------------------ 

 

* EQUATIONS "Conditioner Performance" 

*  

EQUATIONS 11 

Q_latent = 2257*([52,1]-[93,1])*[99,4] 

Q_sensible = Q_total-Q_latent 

Q_total = ([99,4])*([52,3]-[54,3]) 

GHheatingkw = [56,20]/3600 

latentkwh = Q_latent/50 

sensheatkwh = Q_sensible/50*(-[59,1]+1) 
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senscoolkwh = Q_sensible/50*(and([80,1],[59,1])) 

Evapo = [77,1]/50 

ghheatingkwh = [56,20]/50/3600 

heatpump = [79,7]/3600/50 

HPandEvapkW = [79,7]/3600+[89,3] 

*$UNIT_NAME Conditioner Performance 

*$LAYER OutputSystem 

*$POSITION 675 48 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Cooling Power" (Type 65) 

*  

 

UNIT 33 TYPE 65  Cooling Power 

*$UNIT_NAME Cooling Power 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 381 157 

*$LAYER Graphs #  

PARAMETERS 12 

6  ! 1 Nb. of left-axis variables 

4  ! 2 Nb. of right-axis variables 

-1  ! 3 Left axis minimum 

3.5  ! 4 Left axis maximum 

-1  ! 5 Right axis minimum 

6  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 10 

Q_latent  ! Conditioner Performance:Q_latent ->Left axis variable-1 

Q_sensible  ! Conditioner Performance:Q_sensible ->Left axis variable-2 

Q_total  ! Conditioner Performance:Q_total ->Left axis variable-3 

77,1   ! Type843:Evapotranspiration ->Left axis variable-4 

HPandEvapkW  ! Conditioner Performance:HPandEvapkW ->Left axis variable-5 

89,3   ! Type51a-2:Fan power required ->Left axis variable-6 

61,1   ! Humidistat:Output control function ->Right axis variable-1 

HPControl  ! CONTROLS:HPControl ->Right axis variable-2 

0,0  ! [unconnected] Right axis variable-3 

80,1   ! Thermostat-4:Output control function ->Right axis variable-4 

*** INITIAL INPUT VALUES 

Latent Sensible Total trans HP EVAP HPp EVAPCOOLP HeatTherStat CoolTherStat 

 

LABELS  3 

"Cooling Power" 

"Cooling Power" 

"Cooling Power" 

*------------------------------------------------------------------------------ 

 

* Model "Sump" (Type 299) 

*  

 

UNIT 43 TYPE 299  Sump 

*$UNIT_NAME Sump 

*$MODEL .\My Components\Type299.tmf 

*$POSITION 1080 855 

*$LAYER Liquid desiccant #  

PARAMETERS 5 

.055  ! 1 Initial_Volume 
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0.35  ! 2 Initial_C 

25  ! 3 Temp_Tank_C 

2.8383  ! 4 C_p_des_T 

3.6  ! 5 UA 

INPUTS 9 

DesRegOutkghr  ! Mass Flow:DesRegOutkghr ->m_dot_ld_in_1 

99,3   ! Type266:Solution Temperature ->T_des_in_T_1 

99,6   ! Type266:Concentration ->C_in_1 

DesCondOutkghr  ! Mass Flow:DesCondOutkghr ->m_dot_ld_in_2 

70,3   ! Type266-2:Solution Temperature ->T_des_in_T_2 

70,6   ! Type266-2:Concentration ->C_in_2 

SumpVolFlow  ! Mass Flow:SumpVolFlow ->Volume_Flow_Out_1 

SumpVolFlow  ! Mass Flow:SumpVolFlow ->Volume_Flow_Out_2 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->T_amb 

*** INITIAL INPUT VALUES 

300 1 1 300 1 1 325 325 22.5  

*------------------------------------------------------------------------------ 

 

* Model "GreenhouseAirOut" (Type 33) 

*  

 

UNIT 52 TYPE 33  GreenhouseAirOut 

*$UNIT_NAME GreenhouseAirOut 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 415 477 

*$LAYER Psychrometrics #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Dry bulb temp. 

56,4   ! Greenhouse: 4- ABSHUM_GREENHOUSE ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Moisture Addition" (Type 65) 

*  

 

UNIT 57 TYPE 65  Moisture Addition 

*$UNIT_NAME Moisture Addition 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1182 103 

*$LAYER Graphs #  

PARAMETERS 12 

3  ! 1 Nb. of left-axis variables 

2  ! 2 Nb. of right-axis variables 

-2  ! 3 Left axis minimum 

10  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

110  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 5 

77,1   ! Type843:Evapotranspiration ->Left axis variable-1 

99,8   ! Type266:MRR ->Left axis variable-2 
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0,0  ! [unconnected] Left axis variable-3 

56,5   ! Greenhouse: 5- RELHUM_GREENHOUSE ->Right axis variable-1 

93,6   ! CondAirOut:Percent relative humidity  ->Right axis variable-2 

*** INITIAL INPUT VALUES 

Plants_Trans Cond_Absorption Plants_Trans-InGreenH RelHumGreenhouse 

RelHumConditionerO  

LABELS  3 

"Water Exchange Rate [kg/hr]" 

"relative Humidity [%]" 

"Transpiration Rate" 

*------------------------------------------------------------------------------ 

 

* Model "AmbientAir" (Type 33) 

*  

 

UNIT 73 TYPE 33  AmbientAir 

*$UNIT_NAME AmbientAir 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Relative Humidity Known\Type33e.tmf 

*$POSITION 1462 466 

*$LAYER Psychrometrics #  

PARAMETERS 3 

2  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

15,1   ! Weather data:Dry bulb temperature ->Dry bulb temp. 

15,7   ! Weather data:Percent relative humidity ->Percent relative humidity 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 60 1  

*------------------------------------------------------------------------------ 

 

* Model "RegenAirHeat" (Type 670) 

*  

 

UNIT 75 TYPE 670  RegenAirHeat 

*$UNIT_NAME RegenAirHeat 

*$MODEL .\HVAC Library (TESS)\Heating Coils\Liquid Source\Effectiveness 

Approach\Type670.tmf 

*$POSITION 1396 692 

*$LAYER Main #  

*$# Heating Coil With Fluid-Side Bypass to Keep Air Outlet Below its Setpoint 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

2  ! 1 Humidity mode 

3.559  ! 2 Liquid specific heat 

INPUTS 10 

55,1   ! Type654-2:Outlet fluid temperature ->Fluid inlet temperature 

55,2   ! Type654-2:Outlet flow rate ->Fluid flow rate 

58,6   ! HRV:Fresh air temperature ->Air inlet temperature 

58,7   ! HRV:Fresh air humidity ratio ->Air inlet humidity ratio 

58,8   ! HRV:Fresh air %RH ->Air inlet relative humidity 

0,0  ! [unconnected] Air inlet flow rate 

0,0  ! [unconnected] Air inlet pressure 

0,0  ! [unconnected] Effectiveness of heat exchanger 

0,0  ! [unconnected] Air-side pressure drop 
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0,0  ! [unconnected] Air set point temperature 

*** INITIAL INPUT VALUES 

50 2100 70 0.008 50 400 1 0 0 40  

*------------------------------------------------------------------------------ 

 

* Model "Cooling Temperatures" (Type 65) 

*  

 

UNIT 64 TYPE 65  Cooling Temperatures 

*$UNIT_NAME Cooling Temperatures 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 113 775 

*$LAYER Graphs #  

PARAMETERS 12 

6  ! 1 Nb. of left-axis variables 

4  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

50  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 10 

79,3   ! Type927:Outlet load temperature ->Left axis variable-1 

0,0  ! [unconnected] Left axis variable-2 

82,3   ! CondAirOutCool:Load side outlet temperature ->Left axis variable-3 

98,3   ! Desiccant Cool:Load side outlet temperature ->Left axis variable-4 

96,3   ! CondAirInCool:Load side outlet temperature ->Left axis variable-5 

89,1   ! Type51a-2:Sump temperature ->Left axis variable-6 

99,7   ! Type266:Effectiveness ->Right axis variable-1 

HControl  ! CONTROLS:HControl ->Right axis variable-2 

80,1   ! Thermostat-4:Output control function ->Right axis variable-3 

HPControl  ! CONTROLS:HPControl ->Right axis variable-4 

*** INITIAL INPUT VALUES 

HPOut cooltwrout CondAirOutCool DesiccantCool CondAirInCool Cooltwrbeforhp 

Effectiveness HumStat TherStat HumTherStat  

LABELS  3 

"Temperatures" 

"Temperature" 

"Cooling Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "Irradiation-2" (Type 65) 

*  

 

UNIT 69 TYPE 65  Irradiation-2 

*$UNIT_NAME Irradiation-2 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1079 50 

*$LAYER Graphs #  

PARAMETERS 12 

8  ! 1 Nb. of left-axis variables 

1  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

15000  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

15000  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 
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0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 9 

56,8   ! Greenhouse: 8- QABSI_S8 ->Left axis variable-1 

56,9   ! Greenhouse: 9- QABSI_S12 ->Left axis variable-2 

56,10   ! Greenhouse: 10- QABSI_S14 ->Left axis variable-3 

56,11   ! Greenhouse: 11- QABSI_S13 ->Left axis variable-4 

56,12   ! Greenhouse: 12- QABSI_S15 ->Left axis variable-5 

56,13   ! Greenhouse: 13- QABSI_S10 ->Left axis variable-6 

56,14   ! Greenhouse: 14- QABSI_S11 ->Left axis variable-7 

56,15   ! Greenhouse: 15- QABSI_S9 ->Left axis variable-8 

56,16   ! Greenhouse: 16- QSOLAIR_GREENHOUSE ->Right axis variable 

*** INITIAL INPUT VALUES 

IT_H_0_0 IT_S_0_90 IT_S_0_25 IT_W_90_90 IT_N_180_90 IT_N_180_25 IT_E_270_90 

IT_H_0_0 QSolair  

LABELS  3 

"Total  Incident Solar Radition [kJ/hr m²]" 

"Beam  Incident Solar Radition [kJ/hr m²]" 

"Irradition" 

*------------------------------------------------------------------------------ 

 

* Model "RegAirOut" (Type 33) 

*  

 

UNIT 91 TYPE 33  RegAirOut 

*$UNIT_NAME RegAirOut 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1374 455 

*$LAYER Psychrometrics #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

70,1   ! Type266-2:Air Temperature ->Dry bulb temp. 

70,2   ! Type266-2:Humidity Ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Humidity Ratios" (Type 65) 

*  

 

UNIT 83 TYPE 65  Humidity Ratios 

*$UNIT_NAME Humidity Ratios 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 268 157 

*$LAYER Graphs #  

PARAMETERS 12 

4  ! 1 Nb. of left-axis variables 

1  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

0.018  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 
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0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 5 

52,1   ! GreenhouseAirOut:Humidity ratio ->Left axis variable-1 

93,1   ! CondAirOut:Humidity ratio ->Left axis variable-2 

30,1   ! Ambient:Humidity ratio ->Left axis variable-3 

91,1   ! RegAirOut:Humidity ratio ->Left axis variable-4 

99,7   ! Type266:Effectiveness ->Right axis variable 

*** INITIAL INPUT VALUES 

CondAirInHumRat CondAirOutHumRat RegenAirInHumRat RegenAirOutHumRat 

Effectiveness  

LABELS  3 

"Humidity Ratios" 

"Humidity Ratios" 

"Humidity Ratios" 

*------------------------------------------------------------------------------ 

 

* Model "CondAirOut" (Type 33) 

*  

 

UNIT 93 TYPE 33  CondAirOut 

*$UNIT_NAME CondAirOut 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1303 455 

*$LAYER Main #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

99,1   ! Type266:Air Temperature ->Dry bulb temp. 

99,2   ! Type266:Humidity Ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "CondAirInCool" (Type 91) 

*  

 

UNIT 96 TYPE 91  CondAirInCool 

*$UNIT_NAME CondAirInCool 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 554 925 

*$LAYER Main #  

PARAMETERS 3 

.7  ! 1 Heat exchanger effectiveness 

1.218  ! 2 Specific heat of source side fluid 

3.559  ! 3 Specific heat of load side fluid 

INPUTS 4 

52,7   ! GreenhouseAirOut:Dry bulb temperature ->Source side inlet temperature 

CondAirInCoolFlow  ! Mass Flow:CondAirInCoolFlow ->Source side flow rate 

98,3   ! Desiccant Cool:Load side outlet temperature ->Load side inlet 

temperature 

98,4   ! Desiccant Cool:Load side flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 726.840019 20 100  

*------------------------------------------------------------------------------ 

 

* Model "CondAirInCool-1" (Type 33) 

*  

 



190 

 

UNIT 97 TYPE 33  CondAirInCool-1 

*$UNIT_NAME CondAirInCool-1 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1199 455 

*$LAYER Main #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

96,1   ! CondAirInCool:Source-side outlet temperature ->Dry bulb temp. 

52,1   ! GreenhouseAirOut:Humidity ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Desiccant Cool" (Type 91) 

*  

 

UNIT 98 TYPE 91  Desiccant Cool  

*$UNIT_NAME Desiccant Cool 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 874 851 

*$LAYER Main #  

PARAMETERS 3 

1  ! 1 Heat exchanger effectiveness 

2.8383  ! 2 Specific heat of source side fluid 

3.559  ! 3 Specific heat of load side fluid 

INPUTS 4 

43,2   ! Sump:T_des_out_T ->Source side inlet temperature 

0,0  ! [unconnected] Source side flow rate 

46,1   ! Type11h:Outlet temperature ->Load side inlet temperature 

46,2   ! Type11h:Outlet flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 432 15 1590  

*------------------------------------------------------------------------------ 

 

* Model "CondAirOutCool" (Type 91) 

*  

 

UNIT 82 TYPE 91  CondAirOutCool 

*$UNIT_NAME CondAirOutCool 

*$MODEL .\Heat Exchangers\Constant Effectiveness\Type91.tmf 

*$POSITION 676 658 

*$LAYER Main #  

PARAMETERS 3 

.4  ! 1 Heat exchanger effectiveness 

1.218  ! 2 Specific heat of source side fluid 

3.559  ! 3 Specific heat of load side fluid 

INPUTS 4 

99,1   ! Type266:Air Temperature ->Source side inlet temperature 

96,2   ! CondAirInCool:Source side flow rate ->Source side flow rate 

48,1   ! Type11d:Outlet temperature ->Load side inlet temperature 

48,2   ! Type11d:Outlet flow rate ->Load side flow rate 

*** INITIAL INPUT VALUES 

20 726 20 1500  

*------------------------------------------------------------------------------ 

 

* Model "Type266" (Type 266) 

*  
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UNIT 99 TYPE 266  Type266 

*$UNIT_NAME Type266 

*$MODEL .\user Types\Type266.TMF 

*$POSITION 957 722 

*$LAYER Main #  

PARAMETERS 2 

.5  ! 1 Mass Transfer Coef - area product 

0.01  ! 2 Tol On Solution Outlet 

INPUTS 8 

96,1   ! CondAirInCool:Source-side outlet temperature ->Air Temperature 

52,1   ! GreenhouseAirOut:Humidity ratio ->Humidity Ratio 

98,1   ! Desiccant Cool:Source-side outlet temperature ->Solution Temperature 

AirCondInkgsec  ! Mass Flow:AirCondInkgsec ->Air Mass Flow 

0,0  ! [unconnected] Solution Mass Flow 

43,1   ! Sump:C_out ->Concentration 

0,0  ! [unconnected] Patm 

HPControl  ! CONTROLS:HPControl ->Control 

*** INITIAL INPUT VALUES 

0 0 20 0.2019 0.12 .35 100000 0  

*------------------------------------------------------------------------------ 

 

* Model "Type266-2" (Type 266) 

*  

 

UNIT 70 TYPE 266  Type266-2 

*$UNIT_NAME Type266-2 

*$MODEL .\user Types\Type266.TMF 

*$POSITION 1203 722 

*$LAYER Main #  

PARAMETERS 2 

.5  ! 1 Mass Transfer Coef - area product 

0.01  ! 2 Tol On Solution Outlet 

INPUTS 8 

75,3   ! RegenAirHeat:Outlet air temperature ->Air Temperature 

75,4   ! RegenAirHeat:Outlet air humidity ratio ->Humidity Ratio 

17,3   ! Type91:Load side outlet temperature ->Solution Temperature 

AirRegInkgsec  ! Mass Flow:AirRegInkgsec ->Air Mass Flow 

0,0  ! [unconnected] Solution Mass Flow 

43,1   ! Sump:C_out ->Concentration 

0,0  ! [unconnected] Patm 

HPControl  ! CONTROLS:HPControl ->Control 

*** INITIAL INPUT VALUES 

50 0.016 45 0.083333 .098 .32 100000 0  

*------------------------------------------------------------------------------ 

 

* EQUATIONS "Mass Flow" 

*  

EQUATIONS 6 

DesCondOutkghr = [99,5]*3600*HPControl 

AirCondInkgsec = [96,2]/3600 

DesRegOutkghr = [70,5]*3600*HPControl 

AirRegInkgsec = [75,6]/3600 

SumpVolFlow = HPControl*325 

CondAirInCoolFlow = 1200*HPControl 

*$UNIT_NAME Mass Flow 

*$LAYER Controls 

*$POSITION 1080 667 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Humidistat" (Type 2) 

*  
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UNIT 61 TYPE 2  Humidistat 

*$UNIT_NAME Humidistat 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 883 463 

*$LAYER Controls #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,5   ! Greenhouse: 5- RELHUM_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

61,1   ! Humidistat:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

65 70 100 1 10 -10  

*------------------------------------------------------------------------------ 

 

* EQUATIONS "CONTROLS" 

*  

EQUATIONS 7 

HControl = [61,1] 

HPControl = OR(HControl,[80,1]) 

RegenAirFlow = 350 

HotGlyMass = 2100 

InvHControl = -[80,1]+1 

invTCoolControl = (-[80,1]+1)*1 

Shading = [88,1]*0.5 

*$UNIT_NAME CONTROLS 

*$LAYER Controls 

*$POSITION 962 463 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Relative Humidity" (Type 65) 

*  

 

UNIT 53 TYPE 65  Relative Humidity 

*$UNIT_NAME Relative Humidity 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type65d.tmf 

*$POSITION 1169 50 

*$LAYER Graphs #  

PARAMETERS 12 

4  ! 1 Nb. of left-axis variables 

5  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

100  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

1.1  ! 6 Right axis maximum 
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1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 9 

52,6   ! GreenhouseAirOut:Percent relative humidity  ->Left axis variable-1 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Left axis variable-2 

73,6   ! AmbientAir:Percent relative humidity  ->Left axis variable-3 

91,6   ! RegAirOut:Percent relative humidity  ->Left axis variable-4 

99,7   ! Type266:Effectiveness ->Right axis variable-1 

61,1   ! Humidistat:Output control function ->Right axis variable-2 

HPControl  ! CONTROLS:HPControl ->Right axis variable-3 

0,0  ! [unconnected] Right axis variable-4 

80,1   ! Thermostat-4:Output control function ->Right axis variable-5 

*** INITIAL INPUT VALUES 

CondAirInRelHum CondAirOutRelHum RegenAirInRelHum RegenAirOutRelHum 

Effectiveness HumStat HPControl HeatTherStat CoolTherStat  

LABELS  3 

"Relative Humidity" 

"Relative Humidity" 

"Relative Humidity" 

*------------------------------------------------------------------------------ 

 

* Model "CondAirOutCool-1" (Type 33) 

*  

 

UNIT 54 TYPE 33  CondAirOutCool-1 

*$UNIT_NAME CondAirOutCool-1 

*$MODEL .\Physical Phenomena\Thermodynamic Properties\Psychrometrics\Dry Bulb and 

Humidity Ratio Known\Type33c.tmf 

*$POSITION 1087 455 

*$LAYER Psychrometrics #  

PARAMETERS 3 

4  ! 1 Psychrometrics mode 

1  ! 2 Wet bulb mode 

2  ! 3 Error mode 

INPUTS 3 

82,1   ! CondAirOutCool:Source-side outlet temperature ->Dry bulb temp. 

99,2   ! Type266:Humidity Ratio ->Absolute humidity ratio 

0,0  ! [unconnected] Pressure 

*** INITIAL INPUT VALUES 

22 0.006 1  

*------------------------------------------------------------------------------ 

 

* Model "Heating Temperatures" (Type 65) 

*  

 

UNIT 68 TYPE 65  Heating Temperatures 

*$UNIT_NAME Heating Temperatures 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 1585 1095 

*$LAYER Graphs #  

PARAMETERS 12 

4  ! 1 Nb. of left-axis variables 

6  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

80  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

3.5  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 
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0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 10 

79,1   ! Type927:Outlet source temperature ->Left axis variable-1 

17,1   ! Type91:Source-side outlet temperature ->Left axis variable-2 

50,1   ! Type11h-2:Outlet temperature ->Left axis variable-3 

0,0  ! [unconnected] Left axis variable-4 

HControl  ! CONTROLS:HControl ->Right axis variable-1 

80,1   ! Thermostat-4:Output control function ->Right axis variable-2 

HPControl  ! CONTROLS:HPControl ->Right axis variable-3 

59,1   ! Thermostat:Output control function ->Right axis variable-4 

70,7   ! Type266-2:Effectiveness ->Right axis variable-5 

0,0  ! [unconnected] Right axis variable-6 

*** INITIAL INPUT VALUES 

HPOut RegenOut RegenOutOut Wetcoolerout HstatControl TStatControl 

HPControl HeatingControl RegenEffect Boilerenergy  

LABELS  3 

"Temperatures" 

"Temperatures" 

"Heating Temperatures" 

*------------------------------------------------------------------------------ 

 

* Model "System_Plotter" (Type 65) 

*  

 

UNIT 71 TYPE 65  System_Plotter 

*$UNIT_NAME System_Plotter 

*$MODEL \Trnsys17\Studio\lib\System_Output\TYPE65d.tmf 

*$POSITION 255 1159 

*$LAYER Graphs #  

PARAMETERS 12 

7  ! 1 Nb. of left-axis variables 

7  ! 2 Nb. of right-axis variables 

0  ! 3 Left axis minimum 

2500  ! 4 Left axis maximum 

0  ! 5 Right axis minimum 

2500  ! 6 Right axis maximum 

1  ! 7 Number of plots per simulation 

12  ! 8 X-axis gridpoints 

0  ! 9 Shut off Online w/o removing 

-1  ! 10 Logical unit for output file 

0  ! 11 Output file units 

0  ! 12 Output file delimiter 

INPUTS 14 

79,4   ! Type927:Load flow rate ->Left axis variable-1 

45,4   ! Type11f:Flow rate at outlet 2 ->Left axis variable-2 

82,4   ! CondAirOutCool:Load side flow rate ->Left axis variable-3 

79,5   ! Type927:Heat transfer to load ->Left axis variable-4 

96,4   ! CondAirInCool:Load side flow rate ->Left axis variable-5 

43,2   ! Sump:T_des_out_T ->Left axis variable-6 

79,6   ! Type927:Heat transfer from source ->Left axis variable-7 

82,2   ! CondAirOutCool:Source side flow rate ->Right axis variable-1 

82,4   ! CondAirOutCool:Load side flow rate ->Right axis variable-2 

79,2   ! Type927:Source flow rate ->Right axis variable-3 

79,4   ! Type927:Load flow rate ->Right axis variable-4 

43,3   ! Sump:m_dot_LD_out_1 ->Right axis variable-5 

43,4   ! Sump:m_dot_LD_out_2 ->Right axis variable-6 

56,20   ! Greenhouse: 20- QHEAT_GREENHOUSE ->Right axis variable-7 

*** INITIAL INPUT VALUES 

HPout Splitter1Out CondAirOutCool Desiccantcool CondAirInCool HeatTtoLoad 

HeatfromSource FlowAir FlowGlyc HPHotOut HPColdOut DesOut1 DesOut2 
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QHeat  

LABELS  3 

"Temperatures" 

"Flow Rates" 

"Miscellaneous" 

*------------------------------------------------------------------------------ 

 

* Model "Type927" (Type 927) 

*  

 

UNIT 79 TYPE 927  Type927 

*$UNIT_NAME Type927 

*$MODEL .\HVAC Library (TESS)\Water-Water Heat Pump\Single-Stage\Type927.tmf 

*$POSITION 914 1042 

*$LAYER Main #  

PARAMETERS 19 

3.66  ! 1 Source fluid specific heat 

3.56  ! 2 Load fluid specific heat 

1038  ! 3 Source fluid density 

1038  ! 4 Load fluid density 

119  ! 5 Logical unit number for cooling data file 

3  ! 6 Number of source temperatures - cooling 

4  ! 7 Number of load temperatures - cooling 

120  ! 8 Logical unit for heating data 

5  ! 9 Number of source temps. - heating 

5  ! 10 Number of load temps. - heating 

3  ! 11 Number of source flow rates 

3  ! 12 Number of load flow rates 

3599.999734  ! 13 Rated cooling capacity per heat pump 

3599.999734  ! 14 Rated cooling power per heat pump 

3599.999734  ! 15 Rated heating capacity per heat pump 

3599.999734  ! 16 Rated heating power per heat pump 

0.4  ! 17 Rated source flow rate per heat pump 

.4  ! 18 Rated load flow rate per heat pump 

1  ! 19 Number of identical heat pumps 

INPUTS 8 

50,1   ! Type11h-2:Outlet temperature ->Inlet source temperature 

50,2   ! Type11h-2:Outlet flow rate ->Source flow rate 

89,1   ! Type51a-2:Sump temperature ->Inlet load temperature 

89,2   ! Type51a-2:Sump flow rate ->Load flow rate 

HPControl  ! CONTROLS:HPControl ->Cooling control signal 

0,0  ! [unconnected] Heating control signal 

0,0  ! [unconnected] Scale factor 

0,0  ! [unconnected] Number of heat pumps on 

*** INITIAL INPUT VALUES 

10 2100 20 1500 1 0 1 1  

*** External files 

ASSIGN "C:\Users\Tammo\Dropbox\THESIS\Jennycoolingconverted.csv" 119 

*|? Which file contains the cooling performance data? |1000 

ASSIGN "C:\Users\Tammo\Dropbox\THESIS\testperformancemap.txt" 120 

*|? Which file contains the heating performance data? |1000 

*------------------------------------------------------------------------------ 

 

* Model "Thermostat-4" (Type 2) 

*  

 

UNIT 80 TYPE 2  Thermostat-4 

*$UNIT_NAME Thermostat-4 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 794 463 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 
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*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

80,1   ! Thermostat-4:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 25 100 1 2 -2  

*------------------------------------------------------------------------------ 

 

* Model "Type654" (Type 654) 

*  

 

UNIT 51 TYPE 654  Type654 

*$UNIT_NAME Type654 

*$MODEL .\Hydronics Library (TESS)\Pumps\Sets the Mass Flow Rate\Single-Speed\Constant 

Power\Type654.tmf 

*$POSITION 316 1053 

*$LAYER Main #  

*$# SINGLE-SPEED PUMP 

PARAMETERS 4 

900  ! 1 Rated flow rate 

4.21  ! 2 Fluid specific heat 

647.999978  ! 3 Rated power 

0.05  ! 4 Motor heat loss fraction 

INPUTS 5 

79,3   ! Type927:Outlet load temperature ->Inlet fluid temperature 

79,4   ! Type927:Load flow rate ->Inlet fluid flow rate 

0,0  ! [unconnected] Control signal 

0,0  ! [unconnected] Overall pump efficiency 

0,0  ! [unconnected] Motor efficiency 

*** INITIAL INPUT VALUES 

20 0 1 .8 0.9  

*------------------------------------------------------------------------------ 

 

* Model "Type654-2" (Type 654) 

*  

 

UNIT 55 TYPE 654  Type654-2 

*$UNIT_NAME Type654-2 

*$MODEL .\Hydronics Library (TESS)\Pumps\Sets the Mass Flow Rate\Single-Speed\Constant 

Power\Type654.tmf 

*$POSITION 1276 1053 

*$LAYER Main #  

*$# SINGLE-SPEED PUMP 

PARAMETERS 4 

675  ! 1 Rated flow rate 

4.21  ! 2 Fluid specific heat 

647.999978  ! 3 Rated power 

0.05  ! 4 Motor heat loss fraction 
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INPUTS 5 

79,1   ! Type927:Outlet source temperature ->Inlet fluid temperature 

79,2   ! Type927:Source flow rate ->Inlet fluid flow rate 

0,0  ! [unconnected] Control signal 

0,0  ! [unconnected] Overall pump efficiency 

0,0  ! [unconnected] Motor efficiency 

*** INITIAL INPUT VALUES 

20 0 1 .8 0.9  

*------------------------------------------------------------------------------ 

 

* Model "Type11f" (Type 11) 

*  

 

UNIT 45 TYPE 11  Type11f 

*$UNIT_NAME Type11f 

*$MODEL .\Hydronics\Flow Diverter\Other Fluids\Type11f.tmf 

*$POSITION 305 829 

*$LAYER Water Loop #  

PARAMETERS 1 

2  ! 1 Controlled flow diverter mode 

INPUTS 3 

51,1   ! Type654:Outlet fluid temperature ->Inlet temperature 

51,2   ! Type654:Outlet flow rate ->Inlet flow rate 

59,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 1  

*------------------------------------------------------------------------------ 

 

* Model "Type11h" (Type 11) 

*  

 

UNIT 46 TYPE 11  Type11h 

*$UNIT_NAME Type11h 

*$MODEL .\Hydronics\Tee-Piece\Other Fluids\Type11h.tmf 

*$POSITION 755 829 

*$LAYER Water Loop #  

PARAMETERS 1 

1  ! 1 Tee piece mode 

INPUTS 4 

47,3   ! Type11f-3:Temperature at outlet 2 ->Temperature at inlet 1 

47,4   ! Type11f-3:Flow rate at outlet 2 ->Flow rate at inlet 1 

45,1   ! Type11f:Temperature at outlet 1 ->Temperature at inlet 2 

45,2   ! Type11f:Flow rate at outlet 1 ->Flow rate at inlet 2 

*** INITIAL INPUT VALUES 

20 100 20 100  

*------------------------------------------------------------------------------ 

 

* Model "Type11f-3" (Type 11) 

*  

 

UNIT 47 TYPE 11  Type11f-3 

*$UNIT_NAME Type11f-3 

*$MODEL .\Hydronics\Flow Diverter\Other Fluids\Type11f.tmf 

*$POSITION 636 775 

*$LAYER Main #  

PARAMETERS 1 

2  ! 1 Controlled flow diverter mode 

INPUTS 3 

82,3   ! CondAirOutCool:Load side outlet temperature ->Inlet temperature 

82,4   ! CondAirOutCool:Load side flow rate ->Inlet flow rate 

59,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 1  



198 

 

*------------------------------------------------------------------------------ 

 

* Model "Type11d" (Type 11) 

*  

 

UNIT 48 TYPE 11  Type11d 

*$UNIT_NAME Type11d 

*$MODEL .\Hydronics\Flow Mixer\Other Fluids\Type11d.tmf 

*$POSITION 851 541 

*$LAYER Water Loop #  

PARAMETERS 1 

3  ! 1 Controlled flow mixer mode 

INPUTS 5 

49,1   ! Type11f-4:Temperature at outlet 1 ->Temperature at inlet 1 

49,2   ! Type11f-4:Flow rate at outlet 1 ->Flow rate at inlet 1 

45,3   ! Type11f:Temperature at outlet 2 ->Temperature at inlet 2 

45,4   ! Type11f:Flow rate at outlet 2 ->Flow rate at inlet 2 

59,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 20 100 1  

*------------------------------------------------------------------------------ 

 

* Model "Type11f-4" (Type 11) 

*  

 

UNIT 49 TYPE 11  Type11f-4 

*$UNIT_NAME Type11f-4 

*$MODEL .\Hydronics\Flow Diverter\Other Fluids\Type11f.tmf 

*$POSITION 1383 850 

*$LAYER Main #  

PARAMETERS 1 

2  ! 1 Controlled flow diverter mode 

INPUTS 3 

17,1   ! Type91:Source-side outlet temperature ->Inlet temperature 

17,2   ! Type91:Source side flow rate ->Inlet flow rate 

59,1   ! Thermostat:Output control function ->Control signal 

*** INITIAL INPUT VALUES 

20 100 1  

*------------------------------------------------------------------------------ 

 

* Model "Type11h-2" (Type 11) 

*  

 

UNIT 50 TYPE 11  Type11h-2 

*$UNIT_NAME Type11h-2 

*$MODEL .\Hydronics\Tee-Piece\Other Fluids\Type11h.tmf 

*$POSITION 1385 967 

*$LAYER Main #  

PARAMETERS 1 

1  ! 1 Tee piece mode 

INPUTS 4 

47,1   ! Type11f-3:Temperature at outlet 1 ->Temperature at inlet 1 

47,2   ! Type11f-3:Flow rate at outlet 1 ->Flow rate at inlet 1 

49,3   ! Type11f-4:Temperature at outlet 2 ->Temperature at inlet 2 

49,4   ! Type11f-4:Flow rate at outlet 2 ->Flow rate at inlet 2 

*** INITIAL INPUT VALUES 

20 100 20 100  

*------------------------------------------------------------------------------ 

 

* Model "Thermostat" (Type 2) 

*  

 

UNIT 59 TYPE 2  Thermostat 
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*$UNIT_NAME Thermostat 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 875 413 

*$LAYER Graphs #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

59,1   ! Thermostat:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 0 100 1 3 -1  

*------------------------------------------------------------------------------ 

 

* Model "INPUT-2" (Type 25) 

*  

 

UNIT 60 TYPE 25  INPUT-2 

*$UNIT_NAME INPUT-2 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 1661 466 

*$LAYER OutputSystem #  

PARAMETERS 10 

STEP  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

121  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 27 

52,6   ! GreenhouseAirOut:Percent relative humidity  ->Input to be printed-1 

52,7   ! GreenhouseAirOut:Dry bulb temperature ->Input to be printed-2 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Input to be printed-3 

54,7   ! CondAirOutCool-1:Dry bulb temperature ->Input to be printed-4 

73,6   ! AmbientAir:Percent relative humidity  ->Input to be printed-5 

73,7   ! AmbientAir:Dry bulb temperature ->Input to be printed-6 

91,6   ! RegAirOut:Percent relative humidity  ->Input to be printed-7 

91,7   ! RegAirOut:Dry bulb temperature ->Input to be printed-8 

51,2   ! Type654:Outlet flow rate ->Input to be printed-9 

55,2   ! Type654-2:Outlet flow rate ->Input to be printed-10 

0,0  ! [unconnected] Input to be printed-11 

51,1   ! Type654:Outlet fluid temperature ->Input to be printed-12 

96,3   ! CondAirInCool:Load side outlet temperature ->Input to be printed-13 

0,0  ! [unconnected] Input to be printed-14 
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17,1   ! Type91:Source-side outlet temperature ->Input to be printed-15 

55,1   ! Type654-2:Outlet fluid temperature ->Input to be printed-16 

52,1   ! GreenhouseAirOut:Humidity ratio ->Input to be printed-17 

54,1   ! CondAirOutCool-1:Humidity ratio ->Input to be printed-18 

73,1   ! AmbientAir:Humidity ratio ->Input to be printed-19 

91,1   ! RegAirOut:Humidity ratio ->Input to be printed-20 

HControl  ! CONTROLS:HControl ->Input to be printed-21 

HPControl  ! CONTROLS:HPControl ->Input to be printed-22 

59,1   ! Thermostat:Output control function ->Input to be printed-23 

0,0  ! [unconnected] Input to be printed-24 

96,2   ! CondAirInCool:Source side flow rate ->Input to be printed-25 

75,6   ! RegenAirHeat:Outlet air flow rate ->Input to be printed-26 

52,8   ! GreenhouseAirOut:Dew point temperature. ->Input to be printed-27 

*** INITIAL INPUT VALUES 

ProcessAirInHum ProcessAirInTemp ProcessAirOutHum ProcessAirOutTemp 

RegAirInHum RegAirInTemp RegAirOutHum RegAirOutTemp ColdLiquidFlow 

HotLiquidFlow DryCoolerOut ProcessLiqIn ProcessLiqOut RegenLiquidIn 

RegenLiqOut RegenLiqHPOut ProcessInHR ProcessOutHR RegenInHR RegenOutHR 

DehumControl CoolingControl HeatingControl HeatAuxAdd ProcessAirflow 

RegenAirflow DewPoint  

*** External files 

ASSIGN "CuHeatpump.out" 121 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "Type14h" (Type 14) 

*  

 

UNIT 67 TYPE 14  Type14h 

*$UNIT_NAME Type14h 

*$MODEL .\Utility\Forcing Functions\General\Type14h.tmf 

*$POSITION 937 349 

*$LAYER Main #  

PARAMETERS 12 

0  ! 1 Initial value of time 

0  ! 2 Initial value of function 

6  ! 3 Time at point-1 

0  ! 4 Value at point -1 

6  ! 5 Time at point-2 

1  ! 6 Value at point -2 

20  ! 7 Time at point-3 

1  ! 8 Value at point -3 

20  ! 9 Time at point-4 

0  ! 10 Value at point -4 

24  ! 11 Time at point-5 

0  ! 12 Value at point -5 

*------------------------------------------------------------------------------ 

 

* Model "Type14h-3" (Type 14) 

*  

 

UNIT 74 TYPE 14  Type14h-3 

*$UNIT_NAME Type14h-3 

*$MODEL .\Utility\Forcing Functions\General\Type14h.tmf 

*$POSITION 851 349 

*$LAYER Main #  

PARAMETERS 12 

0  ! 1 Initial value of time 

1  ! 2 Initial value of function 

1415.999946  ! 3 Time at point-1 

1  ! 4 Value at point -1 

1415.999946  ! 5 Time at point-2 
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0  ! 6 Value at point -2 

6552.000172  ! 7 Time at point-3 

0  ! 8 Value at point -3 

6552.000172  ! 9 Time at point-4 

1  ! 10 Value at point -4 

8760.000229  ! 11 Time at point-5 

1  ! 12 Value at point -5 

*------------------------------------------------------------------------------ 

 

* EQUATIONS "Evapotrans Calc-3" 

*  

EQUATIONS 6 

EvapotranspNew = 6 

Radnew = ([15,18]/3.6*.747+lightcontrol)*([88,1]*0.5+(-[88,1]+1)*1) 

relhum2 = [56,5]/100 

TotalRad = IT_H_0_0/3.6 

lightcontrol = and(and(LightControlinv,[67,1]),[74,1])*54 

LightControlinv = -[78,1]+1 

*$UNIT_NAME Evapotrans Calc-3 

*$LAYER Main 

*$POSITION 749 350 

 

*------------------------------------------------------------------------------ 

 

 

* Model "Type843" (Type 843) 

*  

 

UNIT 77 TYPE 843  Type843 

*$UNIT_NAME Type843 

*$MODEL .\My Components\Type843.tmf 

*$POSITION 648 359 

*$LAYER Main #  

PARAMETERS 13 

40  ! 1 Area 

1  ! 2 Plant's Height 

140  ! 3 Minimum Leaf Resistance [s/m] 

2  ! 4 Height of wind measurements 

1  ! 5 Height of humidity measurements 

1000  ! 6 Coef. J-S for Radiation S1 

100  ! 7 Coef. J-S for Radiation S2 

0  ! 8 Coef. J-S for Temp t1 

20  ! 9 Coef. J-S for Temp t2 

40  ! 10 Coef. J-S for Temp t3 

4  ! 11 Coef. J-S for VP deficit V1 

1  ! 12 Coef. J-S VP deficit V2 

0.015  ! 13 Coef. J-S VP deficit V3 

INPUTS 8 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Air Temperature 

relhum2  ! Evapotrans Calc-3:relhum2 ->Relative Humidity 

0,0  ! [unconnected] Air Pressure 

0,0  ! [unconnected] Air Density 

0,0  ! [unconnected] Air cp 

0,0  ! [unconnected] Air Velocity 

Radnew  ! Evapotrans Calc-3:Radnew ->Irradiance 

0,0  ! [unconnected] Interception Factor 

*** INITIAL INPUT VALUES 

20 .75 101.3 1.2 1028 .5 600 0.5  

*------------------------------------------------------------------------------ 

 

* Model "Light Control" (Type 2) 

*  
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UNIT 78 TYPE 2  Light Control 

*$UNIT_NAME Light Control 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 451 349 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

1200  ! 2 High limit cut-out 

INPUTS 6 

15,18   ! Weather data:Total horizontal radiation ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

78,1   ! Light Control:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 250 1000 1 50 -20  

*------------------------------------------------------------------------------ 

 

* Model "HRV" (Type 760) 

*  

 

UNIT 58 TYPE 760  HRV 

*$UNIT_NAME HRV 

*$MODEL .\HVAC Library (TESS)\Air-Air Heat Recovery\Air-to-Air Heat Exchanger\Sensible 

Only with Control Modes\Air-Air Heat Recovery\Type760.tmf 

*$POSITION 1426 541 

*$LAYER Main #  

*$# AIR-TO-AIR HEAT RECOVERY 

PARAMETERS 3 

2  ! 1 Humidity mode 

671.1  ! 2 Rated power 

0  ! 3 Control mode 

INPUTS 15 

91,7   ! RegAirOut:Dry bulb temperature ->Exhaust air temperature 

0,0  ! [unconnected] Not used 

91,6   ! RegAirOut:Percent relative humidity  ->Exhaust air %RH 

0,0  ! [unconnected] Exhaust air flow rate 

0,0  ! [unconnected] Exhaust air pressure 

0,0  ! [unconnected] Exhaust air pressure drop 

73,7   ! AmbientAir:Dry bulb temperature ->Fresh air temperature 

0,0  ! [unconnected] Not used 

73,6   ! AmbientAir:Percent relative humidity  ->Fresh air %RH 

0,0  ! [unconnected] Fresh air flow rate 

0,0  ! [unconnected] Fresh air pressure 

0,0  ! [unconnected] Fresh air pressure drop 

0,0  ! [unconnected] Sensible effectiveness 

invTCoolControl  ! CONTROLS:invTCoolControl ->On/Off Control Signal 

0,0  ! [unconnected] Control temperature 

*** INITIAL INPUT VALUES 

20 0.005 60 400 1 0 20 0.005 50 400 1 0 .8 1 20  

*------------------------------------------------------------------------------ 
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* Model "INPUT" (Type 25) 

*  

 

UNIT 81 TYPE 25  INPUT 

*$UNIT_NAME INPUT 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 968 50 

*$LAYER OutputSystem #  

PARAMETERS 10 

-1  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

122  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 8 

84,1   ! Type24:Result of integration-1 ->Input to be printed-1 

84,4   ! Type24:Result of integration-4 ->Input to be printed-2 

84,3   ! Type24:Result of integration-3 ->Input to be printed-3 

84,2   ! Type24:Result of integration-2 ->Input to be printed-4 

84,5   ! Type24:Result of integration-5 ->Input to be printed-5 

0,0  ! [unconnected] Input to be printed-6 

84,7   ! Type24:Result of integration-7 ->Input to be printed-7 

84,8   ! Type24:Result of integration-8 ->Input to be printed-8 

*** INITIAL INPUT VALUES 

Latent SensibleC GHHeating SensibleH evapo Boiler CoolingT HP  

*** External files 

ASSIGN "Integratorhp.out" 122 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "Type24" (Type 24) 

*  

 

UNIT 84 TYPE 24  Type24 

*$UNIT_NAME Type24 

*$MODEL .\Utility\Integrators\Quantity Integrator\Type24.tmf 

*$POSITION 869 50 

*$LAYER OutputSystem #  

PARAMETERS 2 

-1  ! 1 Integration period 

0  ! 2 Relative or absolute start time 

INPUTS 8 

latentkwh  ! Conditioner Performance:latentkwh ->Input to be integrated-1 

sensheatkwh  ! Conditioner Performance:sensheatkwh ->Input to be integrated-2 

ghheatingkwh  ! Conditioner Performance:ghheatingkwh ->Input to be integrated-3 

senscoolkwh  ! Conditioner Performance:senscoolkwh ->Input to be integrated-4 

Evapo  ! Conditioner Performance:Evapo ->Input to be integrated-5 

0,0  ! [unconnected] Input to be integrated-6 

89,3   ! Type51a-2:Fan power required ->Input to be integrated-7 

heatpump  ! Conditioner Performance:heatpump ->Input to be integrated-8 

*** INITIAL INPUT VALUES 

0 0 0 0 0 0 0 0  

*------------------------------------------------------------------------------ 

 

* Model "INPUT-3" (Type 25) 

*  
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UNIT 85 TYPE 25  INPUT-3 

*$UNIT_NAME INPUT-3 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 1661 541 

*$LAYER OutputSystem #  

PARAMETERS 10 

STEP  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

123  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 7 

56,5   ! Greenhouse: 5- RELHUM_GREENHOUSE ->Input to be printed-1 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Input to be printed-2 

Q_latent  ! Conditioner Performance:Q_latent ->Input to be printed-3 

Q_sensible  ! Conditioner Performance:Q_sensible ->Input to be printed-4 

heatpump  ! Conditioner Performance:heatpump ->Input to be printed-5 

79,8   ! Type927:Coefficient of Performance (C.O.P) ->Input to be printed-6 

invTCoolControl  ! CONTROLS:invTCoolControl ->Input to be printed-7 

*** INITIAL INPUT VALUES 

ProcessAirInHum ProcessAirInTemp Latentkw Sensiblekw heatpumpP COP 

HRVcontrol  

*** External files 

ASSIGN "HPshort.out" 123 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

* Model "Thermostat-3" (Type 2) 

*  

 

UNIT 88 TYPE 2  Thermostat-3 

*$UNIT_NAME Thermostat-3 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 277 583 

*$LAYER OutputSystem #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

56,1   ! Greenhouse: 1- TAIR_GREENHOUSE ->Upper input value 

0,0  ! [unconnected] Lower input value 

0,0  ! [unconnected] Monitoring value 

88,1   ! Thermostat-3:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 
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*** INITIAL INPUT VALUES 

18 28 100 1 2 -3  

*------------------------------------------------------------------------------ 

 

* Model "Type51a-2" (Type 51) 

*  

 

UNIT 89 TYPE 51  Type51a-2 

*$UNIT_NAME Type51a-2 

*$MODEL .\HVAC\Cooling Towers\External Performance File\Type51a.tmf 

*$POSITION 429 965 

*$LAYER Main #  

PARAMETERS 11 

2  ! 1 Calculation mode 

1  ! 2 Flow geometry 

1  ! 3 Number of tower cells 

2099.999896  ! 4 Maximum cell flow rate 

.6  ! 5 Fan power at maximum flow 

9.999999  ! 6 Minimum cell flow rate 

0.1  ! 7 Sump volume 

15  ! 8 Initial sump temperature 

126  ! 9 Logical unit 

9  ! 10 Number of data points 

1  ! 11 Print performance results? 

INPUTS 6 

96,3   ! CondAirInCool:Load side outlet temperature ->Water inlet temperature 

96,4   ! CondAirInCool:Load side flow rate ->Inlet water flow rate 

15,1   ! Weather data:Dry bulb temperature ->Dry bulb temperature 

15,3   ! Weather data:Wet bulb temperature ->Wet bulb temperature 

0,0  ! [unconnected] Sump make-up temperature 

90,1   ! Thermostat-5:Output control function ->Relative fan speed for cell 

*** INITIAL INPUT VALUES 

20 4500 22.5 12 15 0  

*** External files 

ASSIGN "CoolTwrData3.csv" 126 

*|? Which file contains the cooling tower performance data? |1000 

*------------------------------------------------------------------------------ 

 

* Model "Thermostat-5" (Type 2) 

*  

 

UNIT 90 TYPE 2  Thermostat-5 

*$UNIT_NAME Thermostat-5 

*$MODEL .\Controllers\Differential Controller w_ Hysteresis\generic\Solver 0 

(Successive Substitution) Control Strategy\Type2d.tmf 

*$POSITION 293 722 

*$LAYER Main #  

*$# NOTE: This controller can only be used with Solver 0 (Successive substitution) 

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

*$#  

PARAMETERS 2 

5  ! 1 No. of oscillations 

100  ! 2 High limit cut-out 

INPUTS 6 

96,3   ! CondAirInCool:Load side outlet temperature ->Upper input value 

0,0  ! [unconnected] Lower input value 
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0,0  ! [unconnected] Monitoring value 

90,1   ! Thermostat-5:Output control function ->Input control function 

0,0  ! [unconnected] Upper dead band 

0,0  ! [unconnected] Lower dead band 

*** INITIAL INPUT VALUES 

18 26 99 1 2 -3  

*------------------------------------------------------------------------------ 

 

* Model "INPUT-4" (Type 25) 

*  

 

UNIT 92 TYPE 25  INPUT-4 

*$UNIT_NAME INPUT-4 

*$MODEL \Trnsys17\Studio\lib\System_Output\Type25a.tmf 

*$POSITION 1661 626 

*$LAYER OutputSystem #  

PARAMETERS 10 

STEP  ! 1 Printing interval 

START  ! 2 Start time 

STOP  ! 3 Stop time 

127  ! 4 Logical unit 

2  ! 5 Units printing mode 

0  ! 6 Relative or absolute start time 

-1  ! 7 Overwrite or Append 

-1  ! 8 Print header 

0  ! 9 Delimiter 

1  ! 10 Print labels 

INPUTS 21 

Q_latent  ! Conditioner Performance:Q_latent ->Input to be printed-1 

Q_sensible  ! Conditioner Performance:Q_sensible ->Input to be printed-2 

GHheatingkw  ! Conditioner Performance:GHheatingkw ->Input to be printed-3 

TotalRad  ! Evapotrans Calc-3:TotalRad ->Input to be printed-4 

77,1   ! Type843:Evapotranspiration ->Input to be printed-5 

52,7   ! GreenhouseAirOut:Dry bulb temperature ->Input to be printed-6 

52,6   ! GreenhouseAirOut:Percent relative humidity  ->Input to be printed-7 

52,1   ! GreenhouseAirOut:Humidity ratio ->Input to be printed-8 

54,7   ! CondAirOutCool-1:Dry bulb temperature ->Input to be printed-9 

54,6   ! CondAirOutCool-1:Percent relative humidity  ->Input to be printed-10 

54,1   ! CondAirOutCool-1:Humidity ratio ->Input to be printed-11 

73,7   ! AmbientAir:Dry bulb temperature ->Input to be printed-12 

73,6   ! AmbientAir:Percent relative humidity  ->Input to be printed-13 

73,1   ! AmbientAir:Humidity ratio ->Input to be printed-14 

HControl  ! CONTROLS:HControl ->Input to be printed-15 

HPControl  ! CONTROLS:HPControl ->Input to be printed-16 

51,1   ! Type654:Outlet fluid temperature ->Input to be printed-17 

HPandEvapkW  ! Conditioner Performance:HPandEvapkW ->Input to be printed-18 

96,3   ! CondAirInCool:Load side outlet temperature ->Input to be printed-19 

55,1   ! Type654-2:Outlet fluid temperature ->Input to be printed-20 

50,1   ! Type11h-2:Outlet temperature ->Input to be printed-21 

*** INITIAL INPUT VALUES 

Latent Sensible Ghheating Irradiance Evapotrans ghtemp ghrelhum ghhumrat 

condouttemp condoutrelhum condouthumrat ambtemp ambrelhum ambhumrat 

DehumC HPCont Coolantin HpandevapP CoolantOut Heatingin HeatingOut 

 

*** External files 

ASSIGN "HP2days.out" 127 

*|? Which file should contain the printed results? You can use the deck filename by 

entering "***", e.g. "***.out", or "***.dat"  |1000 

*------------------------------------------------------------------------------ 

 

END 

 

 


