Scientific Journal of Technology Volume 7 Issue 2, 2025
ISSN: 2688-8645

Test and Simulation of the Operational Characteristics of a Water
Chiller Based on Dual Evaporation Temperatures

Bing Li*

School of Environment and Architecture, University of Shanghai for Science and Technology,
Shanghai, China

*Corresponding Author

Abstract

In small-to-medium scaled residential buildings, direct-expansion (DX) air conditioning
(AC) system cannot meet indoor occupants’ requirements for a healthy, comfortable and
energy efficient indoor environment. Based on the annual load of a residential building
in Shanghai, a new type of dual evaporation temperatures chiller was proposed based on
a dual suctions compressor and two plate heat exchangers as high and low temperature
evaporators. The high temperature evaporator produced chilled water at a temperature
of about 20°C, and chilled water of 7°C for the low temperature side. High-temperature
chilled water was used to remove sensible cooling load, and low-temperature chilled
water the indoor latent cooling load by dehumidifying the fresh air, thus realizing
independent control of temperature and humidity. The application of high evaporation
temperature can effectively improve the energy efficiency of the system. For the novel
chiller, the evaporators’ heat transfer model was established to calculate the outlet
water temperature of evaporators at different operation conditions, and verified
through the test of the prototype. Simulation results showed that the coupling effect of
the electronic expansion valves (EEVs) on the high and low temperature side was
insignificant. In addition, when the opening of low temperature EEV was about 30%, the
temperature of the chilled water for dehumidifying reached lowest, suggesting the
maximum dehumidifying capacity of the system.
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1. Introduction

Air conditioning ensures the thermal comfort of people in high temperature environment and
play a vital role in realizing sustainable development projects [1-5]. With the rapid development
of economy, people have growing requirements for comfort, and the amount of air conditioners
has increased dramatically, which lead to a large number of greenhouse gas emissions[6-10].
According to the International Energy Agency (IEA), the energy required for space cooling is
estimated to triple by 2050[11-12]. Therefore, it was urgent to develop a new type of green and
energy efficient air conditioning system.

In traditional air conditioning system, sometimes the cooled air is necessary to be reheated,
especially when the latent load is too high, which will further increase the air conditioning
load[13-15]. In order to solve the disadvantages of traditional air conditioning, temperature and
humidity independent control (THIC) air conditioning system was proposed, also known as
separate sensible and latent cooling system|[16-18].

The THIC system firstly adopted heat exchange plates with low temperature to deal with latent
cooling load, then adopted heat exchange plates with high temperature to deal with sensible

145



Scientific Journal of Technology Volume 7 Issue 2, 2025
ISSN: 2688-8645

cooling load. This resulted that the chiller performance was improved due to the use of high
temperature chilled water[19].In different THIC systems, the study of dual-evaporation-
temperature vapor compression (VC) systems was rare[20].

Ling[21] carried out theoretical research on the performance of separate sensible and latent
cooling system composed of two VC cycles. The study found that the system could achieve about
30 percent energy savings compared to traditional air conditioning systems, with the greatest
energy saving potential in cold and dry climates. Chen[22] theoretically studied the influence of
indoor sensible heat ratio (ISHR) and chilled water temperature on the energy efficiency of
thermostatic refrigeration system. The results show that the COP of the system was improved
by 3.1%~17.5%. However, the authors focused more on energy efficiency instead of the exactly
decoupling of temperature and humidity in the system. The greater the ISHR, the greater the
energy saving potential. Zhu[23] proposed a new climate adaptive, adjustable heat-humidity
ratio THIC system. By adjusting the proportion of different refrigerants (MR32, R236fa), they
found that this new-type THIC air conditioning system was suitable for the residential buildings
in southern China to realize customized thermal comfort due to its climate adaptability and
high-density. Unlike the climate in west of China, this method is not always proper in other
places with a much moister climate. Compared with traditional air conditioning system, dual
evaporation temperatures compressor THIC air conditioning system have great energy saving
potential, and this kind of system can make use of low grade heat sources such as industrial
waste heat, geothermal energy and solar energy[20]. In this paper, a novel dual evaporation
temperatures system using dual suctions compressor and two plate heat exchangers for THIC
AC application was proposed and the evaporators’ outputs were simulated.

2. Dual Evaporation Temperatures Chiller

In order to fully understand the operating characteristics of the dual evaporation temperatures
chiller, this research will carry out mathematical modeling and calculation for the evaporators
of the water chiller based on dual evaporation temperatures so as to obtain the cooling output
characteristics of the system under different working conditions.

2.1. System Principle of the Dual Evaporation Temperatures Chiller

Outdoor Space 1 Indoor space

1 Chilled water rarum

[ ] Drying filter

Fig 1. Schematic diagram of dual evaporation temperatures chiller

1 dual suctions compressor; 2 fin-tube condenser; 3 EEV for low temperature evaporator; 4
EEV for high temperature evaporator; 5 low temperature plate heat exchange (LT PHE); 6 high
temperature PHE (HT PHE); 7 four-way reversing valve

2.2. Experimental System of Dual-Evaporation-Temperature Chiller

The performance test experiment was carried out by placing the prototype of dual evaporation
temperatures chiller in the psychrometric chamber. The layout of psychrometric chamber is
shown in Fig 2.
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Fig 2. Layout of the psychrometric chamber.

2.3. Experimental Prototype of Dual Evaporation Temperature Chiller and the
Arrangement of Sampling Points

The experimental prototype of dual evaporation temperatures chiller mainly included a dual

suctions compressor, two evaporators, a condenser, two EEVs, two four-way reversing valves

etc. The parameters of main equipment were shown in Table 2. EEV1 was for the high

temperature side and EEV2 the low temperature side, respectively.

2.4. Experimental Set of the Dual Evaporation Temperatures Chiller

According to above purposes, the experiment can be divided into two aspects as follows:

(1) Fixing the opening of the EEVs at the high and low temperature sides, measuring and
recording the data in real time at different compressor frequencies.

(2) Fixing the compressor frequency, measuring and recording the data at varying opening of
the electronic expansion valve of the high and low temperature sides respectively.

The outdoor temperature was set at 35 °C for dry bulb and 28 °C for wet bulb temperature. High
temperature chilled water flowrate was 2 m3/h, and low temperature chilled water flowrate
0.42m3/h. The inlet temperature of high temperature chilled water was 21 °C, and the inlet
temperature of low temperature chilled water was 11 °C.

3. The Establishment of the Model for the Evaporators

In order to simplify the model, the following assumptions were made for the evaporator model:
(1) Refrigerant and chilled water was countered current during heat exchange;

(2) The fouling thermal resistance was not considered;

(3) The pressure drop of refrigerant was ignored.

3.1. Water Side Energy Equation

The chiller studied in this paper was constructed based on dual evaporation temperatures
absorption cycle. According to thermodynamic equilibrium water, the amount of cold lost by
water is equal to the amount of cold lost or gained through the heat transfer surface. This gives
us the following equation.

Qw1 = ma,waa,wcpw(tw,out - tw,in) (1)

Quaz = Aoty (tyy — Fwout ~ twin)/ )
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The convective heat transfer coefficient of water side is determined by Nusselt number. The

number of Nusselt under different flow states is shown as follows:
__Ugdg

Rea - 19(1 (3)

When the Reynolds number is greater than 10,000:
R, = 0.023R28pY%3 (4)

When the Reynolds number is less than 2300:

1

1
3 S dg L 9,
Nua = 186R2a . Pr3a . (;)3 . (%)0-14 (5)

When the Reynolds number is greater than 2300 and less than 100,000:

2
Nua = 0.012(ReS%7 — 280) - B%* - [1 + (93] - (241 ©)
g
g = Nyg d_a (7)

4. Results and Discussion

The measured outlet water temperature of the chilled water system of the dual evaporation
temperatures chiller under different compressor frequencies and different high and low
temperature EEVS’ openings were compared with the simulated value calculated by the dual
evaporation temperatures water-cooled evaporator model.

4.1. Results for High Temperature Side Water-Cooled Evaporator
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Fig 3. Comparison of measured and simulated outlet water temperature at high temperature
side (f=40Hz, EEV1 opening=80%)

It could be seen from Fig.3 to Fig.5 that the opening of EEV1 was 80% and 100%. The
compressor was rated at 40Hz and 50Hz. With the opening of the EEV on the low temperature
side increasing from 10% to 50%, the average temperature of the measured water outlet
temperature was 20.73°C, 20.88°C, 20.31°C and 20.55°C. The fluctuation range was 20.7-20.8,
20.8-20.9, 20.2-20.6 and 20.5-20.6, respectively. Therefore, the fluctuation range of outlet
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water temperature was small, which indicated that the change of the opening of the EEV at the
low temperature side has little influence on the outlet water temperature at the high
temperature side. The variation of the simulated value of outlet water temperature obtained
from the calculation of the high-temperature water-cooled evaporator model was relatively
slight, which was almost a straight line in the figure. The average temperatures of the simulated
values were 20.43°C, 20.36°C, 20.48°C and 20.31°C respectively, which was similar with the
measured value of outlet water temperature, and the maximum relative error was only 2.5%.
Therefore, the simulation calculation results of the high-temperature side water-cooled
evaporator model were accurate.
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Fig 4. Comparison of measured and simulated outlet water temperature at high temperature
side (f=40Hz, EEV1 opening=100%)
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Fig 5. Comparison of measured and simulated outlet water temperature at high temperature
side (f=50Hz, EEV1 opening=80%)

4.2. Discussion

The dual evaporation temperatures chiller is mainly suitable for small-to-medium scaled
residential buildings.

This simulation experiment mainly studied the influence of compressor frequency and the
opening of EEV1 and EEV2 on the system. When the total cooling load changed, the frequency
of the compressor could be varied to adapt to load variation. The higher the frequency of the
compressor, the larger its total cooling capacity will be. When the opening of EEV2 increased
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from 10% to 80%, the cooling capacity at high temperature side changed little. Taking the
opening of EEV1 100% as an example, the fluctuation range of cooling capacity at high
temperature side was 2.276 kW to 2.291 kW, only varied by 0.28%. Therefore, it could be
considered that when the opening of EEV1 was fixed, the cooling capacity of the high
temperature side basically remained the same with the opening of EEV2 changed, but the
dehumidifying ability of the system was enhanced. When the opening of EEV1 increased from
30% to 100%, the cooling capacity at the high temperature side increased by 40.6%, the cooling
capacity at the high temperature side showed an obvious rising trend, and the radiant cooling
capacity was gradually enhanced. In the process of EEV2 opening increasing from 10% to 80%,
the cooling capacity of the low temperature side increased first and then decreased. The peak
value appeared when the opening of EEV2 was about 30%, and the dehumidifying capacity
reached the peak at the fixed compressor frequency, but the cooling capacity of the radiation
terminal on the high temperature side almost remained unchanged. When the opening of EEV1
increases from 30% to 100%, the cooling capacity on the low temperature side decreased by
7%, and the cooling capacity on the low temperature side showed a small downward trend. It
can be then concluded that the coupling effects between the high and low temperature
expansion valves is small. The fresh air system and the radiation terminal are independent of
each other. Therefore, it shows the feasibility of applying the radiant air conditioning with
dedicated fresh air unit to realizing independent control of temperature and humidity.

5. Conclusion

To achieve temperature and humidity independently control in small-to-medium scaled
residential buildings, a novel water chiller based on dual evaporation temperatures was
proposed. The model for dual evaporation temperature evaporators was established.
Simulations and experimental tests were carried out and conclusions can be drawn.

Through the experimental data, it was found that the high temperature EEV’s opening had little
influence on the outlet water temperature of the low temperature evaporator but would
obviously influence that of the high temperature evaporator. As to the low temperature EEV’s
opening, it significantly influenced the low temperature evaporator’s cooling capacity but had
little effect on the high temperature evaporator’s. Specifically, with the increasing low
temperature EEV’s opening, the outlet water temperature decreased first, reached the bottom
and then increased again. The lowest outlet water temperature suggested the largest cooling
capacity for the low temperature evaporator and the peak occurred at the opening of EEV2
being 30%. The lowest outlet water temperature also provided the highest capability of
dehumidification. Generally, the coupling effect of adjusting the two EEVs on high and low
temperature cooling capacities were insignificant, which would be benefit to developing the
temperature and humidity independent control strategies using the proposed chiller.
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