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Abstract 

Frosting is a common phenomenon in refrigerated display cabinets (RDCs). As the frost layer 
thickens, the heat transfer rate and airflow through the evaporator dramatically decline, thus reducing cooling 
efficiency and increasing energy consumption. Defrosting of RDC evaporators can be achieved using several 
methods, including off-cycle defrost, electric defrost, hot-gas defrost, and reverse-cycle defrost. However, 
these methods may lead to several issues such as temperature fluctuations within the cabinets, increased energy 
consumption, water pooling, and bacterial growth in the drain pan. In this study, a desiccant is applied to 
eliminate moisture from the air entering the evaporator, thereby preventing frost formation. We propose a 
frost-free RDC that mainly comprises a compressor, two desiccant-coated heat exchangers (DCHEs), a low-
temperature evaporator and an auxiliary condenser. The return air of the RDC is dehumidified due to one of 
the DCHEs to prevent the evaporator frosting. Meanwhile, another DCHE works as a condenser, in which the 
desiccant is regenerated using condensation heat that would otherwise be ejected into the ambient air in 
conventional RDCs.  
 

A theoretical and experimental study is conducted for a forced draft, open-type frost-free RDC, with 
a cabin volume of 67L and a cabin temperature of 2~8°C. Simulation results show that the required air cooling 
load of the RDC is 0.43kW and the electric power consumption of the compressor is 0.14kW, respectively. A 
prototype of the frost-free RDC was made and experiments were conducted. The experimental results show 
that eliminating defrost cycles in the prototype helps stabilize the internal cabin temperature. Moreover, the 
proposed frost-free RDC has an energy saving potential of 35.7% compared to commercial RDCs. 
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1. Introduction 

The demand for refrigerated and frozen foods is rising daily because of the recent population growth. In 
supermarkets and retail food stores, refrigerated display cabinets (RDCs), the last and vital link in the food 
chain between source and end users, are used to showcase the product on sale and maintain food temperature. 
For obvious reasons, moist air becomes entrained within the RDCs. Since the temperatures of the evaporators 
within the RDCs are lower than the dew point of the entrained air, water vapor within the air will condense 
and freeze on the evaporator surfaces, forming frost. As it thickens, the heat transfer rate and airflow through 
the evaporator dramatically decline, thus reducing cooling efficiency and increasing energy consumption [1-
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4]. Therefore, the accumulated frost should be removed from the evaporator coils periodically before it 
noticeably degrades their performance. 

Defrosting of the evaporators of RDCs can be achieved by several methods: off-cycle, electric heating, hot-
gas and reverse-cycle defrost method. For the off-cycle defrost method, the refrigerant compressor is turned 
off and the frost melts naturally utilizing the air inside the RDC. This method is suitable for medium- to high-
temperature display cabinets. Due to the limited heat from the air, defrosting takes far longer than other 
defrosting methods [5]. The electric heating defrost method, in which electric resistance heaters are installed 
on the evaporator coils to melt frost, can remove frost quickly and effectively and is widely used in commercial 
RDCs. For the hot-gas defrost and reverse-cycle defrost methods, the high-temperature refrigerant from a 
compressor is directly channeled to the evaporators instead of flowing into a condenser and provides the 
required heating to melt the frost. Although the two defrost methods are considered to have an higher defrosting 
efficiency and shorter defrosting time theoretically, they have not been commercially applied to RDCs to date, 
due to the complex piping and system design required [6]. 

Those existing defrost methods may lead to several issues: 
 Temperature fluctuations inside the cabin 
 Increased energy consumption 
 Water pooling and bacterial growth in the drain pan 

The temperature fluctuations during the defrost process were found to exceed 12°C in the electric heater 
defrost method [5], [7], [8]. The temporary rise in temperature inside the RDCs affects food safety and product 
quality, at worst may damage food. Some efforts have been made to reduce the temperature fluctuations during 
defrosting. [9] and [10] proposed a composite shelf designed for the vertical open RDC, which is based on heat 
pipe technology and the cool storage characteristics of phase change materials among the heat pipes. The 
temperature fluctuation of food packages was reduced by 53.3–83.3% during defrosting [9]. The food 
temperature in the new shelf was reduced by 1.5 °C during defrosting period [10]. [7] proposed a new defrost 
method, which utilizes the heat from the liquid refrigerant to defrost the evaporator using two evaporators and 
a four-way valve. The temperature fluctuation is about 4.5 °C in the new defrost method. 

Electric defrosting significantly increases energy usage and impacts operational costs. [11] indicated that 
only 15 to 20% of the heat supplied for defrosting was actually carried out by the condensate. [12] reported 
that electric defrost heaters can account for up to 25% of the total electrical energy consumption of refrigerated 
display cases. [5] reported that while the efficiency of a defrost heater was 30.3 %, the power consumption of 
the freezer increased by 17.7 % due to automatic defrosting. A review of manufacturers’ data indicates that 
electric defrost energy consumption can range from 10 to 30% of the total display case energy consumption, 
with an average of approximately 20% [13]. Furthermore, defrosting adds heat to the refrigerated display cases, 
which must then be removed by the refrigeration system after the defrost cycle is terminated, thereby increasing 
compressor operation and energy use. 

For any of the defrost methods mentioned above, proper drainage systems are required to prevent water 
pooling. In common, the defrosted water traverses a tube, is collected in a tray pan, which is often located 
close to the compressor or condenser and finally evaporates from the tray pan due to the heat of the compressor 
or condenser. This system works satisfactorily in countries where the ambient air has low relative humidity 
and the amount of defrosted water is limited. However, under hot and humid ambient conditions, more 
defrosted water is generated, but at a slower evaporation speed, which may lead to water overflowing from the 
tray pan [14]. In addition, electrical resistance in a tray pan is activated as required, accelerating the removal 
of defrost water by evaporation. Using a heater can reduce the drying time, but increases energy consumption 
[15]. 

Most of the previous studies focused on how to remove frost quicky and efficiently. In other words, frosting 
on evaporator surface is initially allowed. In our study, a desiccant is applied to eliminate moisture from the 
air entering the evaporator, thereby preventing frost formation and eliminating defrost process. Desiccants are 
well-known as efficient means of air dehumidification. Some researchers have proposed a method to prevent 
air-source heat pumps from frosting, i.e. in which air is dehumidified by a solid adsorbent before entering the 
evaporator [16]-[20]. 

We found almost no reports about preventing frost with desiccant in RDCs. In this study, the idea of using 
desiccant to prevent an air-source heat pump frosting is applied to develop a frost-free refrigerated display 
cabinet (frost-free RDC). A theoretical and experimental study is conducted on the novel frost-free RDC. The 
configuration and principle of the frost-free RDC is described, and the simulation and experimental results are 
given. 
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2. System description 

A schematic diagram of the proposed frost-free RDC is shown in Fig. 1, with the process illustrated on a 
pressure-enthalpy diagram of the refrigerant and a psychometric chart in Figs. 2 and 3. The system comprises 
a compressor, an evaporator, a condenser, two desiccant-coated heat exchangers (DCHE_1 and DCHE_2), two 
expansion valves (V1 and V2) and a four-way valve. DCHE is a unique heat exchanger, in which the surface 
of the fins and some of the tube surfaces are coated with desiccant and has moisture adsorption ability. 
Compared with a conventional RDC, this system can dehumidify the return air (RA) before it enters the 
evaporator, thereby preventing frost from forming. The moisture-adsorbing capacity of the DCHE will 
decrease and eventually expire as the adsorption process progresses, so it should be periodically regenerated 
(desorbed). In this proposed system, to prevent the evaporator frosting on an ongoing basis, two DCHEs are 
applied: When one operates under the adsorption (AD) process to absorb moisture from the return air, another 
is regenerated under the desorption (DE) process and the AD/DE processes are switched periodically. Here, 
when DCHE_1 operates under the AD and DCHE_2 under the DE processes, we name them Mode A; DCHE_1 
under the DE and DCHE_2 under the AD process, named Mode B. 

 During Mode A, the refrigerant exiting the compressor at the state of “1” flows into the condenser, in 
which it releases one part of condensation heat to the outside air (OA2). After leaving the condenser, the 
refrigerant flows through the four-way valve and into the DCHE_2, in which it releases the remaining 
condensation heat to the desiccant. Consequently, the desiccant is regenerated and the OA1 after absorbing the 
moisture and heat is exhausted (EA1). The refrigerant at the state of “3” leaving the DCHE_2 is expanded to 
intermediate pressure by flowing through the expansion valve 1 (V1) and flows into the DCHE_1, while the 
return air (RA) from the display cabinet is dehumidified at the DCHE_1 due to the AD process. The adsorption 
heat of the desiccant is used to vaporize one part of the refrigerant to the state of “5”, whereupon the refrigerant 
“5” is expanded to the required evaporation pressure (Plow) by traversing another expansion valve 2 (V2) and 
flows into the evaporator. Within the evaporator, the refrigerant is vaporized and the dehumidified air (DA) 
exiting the DCHE_1 is cooled and leaves in the state of the supply air (SA), which is supplied to the display 
cabinet. Because the dew point of the DA is lower than the surface temperature of the evaporator, a frost-free 
state can be realized at the evaporator. When the water content of the desiccant in DCHE_1 becomes relatively 
high and the dehumidification capacity declines so that the dew point of the DA exceeds the evaporator’s 
surface temperature, the system is switched to Mode B. 

Figure 1 Schematic diagram of the frost-free RDC 

Figure 2 Pressure-enthalpy of refrigerant during both modes Figure 3 Psychometric chart of air during both modes 
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When the system operates under Mode B, the four-way valve works, so the refrigerant cycles in this order: 
Compressor → Condense → DCHE_1 → V1 → DCHE_2 → V2 → Evaporator → Compressor. The air flows 
of OA1 and RA are switched: OA1 → DCHE_1 and RA → DCHE_2. Regardless of the operation modes, the 
refrigerant and air undergo the same state change as shown in Figs. 2 and 3, separately. 

3. Theoretical and experimental analysis of heat and mass-transfer characteristics in DCHE 

The performance of the proposed frost-free RDC strongly depends on the heat and mass-transfer 
characteristics of the DCHEs. In this study, we developed heat and mass-transfer models and validated them 
by comparing the predictions with the experimental results. 

3.1. Heat and mass-transfer models 

Three DCHEs of equivalent size but with different polymer [21] coating amounts were adopted. The 
paragraphs and physical characteristics of these DCHEs are shown in Fig. 4 and Table 1, separately. The 
adsorption isotherm of the polymer is given in Fig. 5.  

A schematic of the heat and mass transfer for the DCHE is shown on Fig. 6. Air flows through the DCHE 
and contacts the desiccant felt to exchange moisture (MV), while brine inside the tubes is used to heat or cool 
the desiccant and the heat transfer rate between the brine and the air is q. 

Before establishing heat and mass-transfer models, some assumptions were made as follows. The DCHE is 
considered a block, through which the air and brine flow at the desiccant-coated fin side and inside the tube 
separately. The desiccant material is evenly coated at the DCHE surface. The adsorption heat is assumed to be 
released to the desiccant layer only. However, it is transferred to the air and brine due to temperature difference. 
 

Figure 5 Adsorption isotherm of polymer                 Figure 6 Schematic diagram of heat and mass-transfer 
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The mass-transfer rate (Mv) is calculated by Eq. (1). 

□□ □□□□ = 1− □□∅□   (1) 

Here, Mve - equilibrium mass-transfer rate [kg/s]; τ-time step [s]; φ- adsorption time constant [-], mainly 
affected by the desiccant coating amount per unit surface (Sd, [g/m2]), the velocity of air (Va, [m/s)) and the 
temperature of desiccant (Td, [⁰C]). φ is obtained from experimental measurements and the empirical 
correlations of φ are given in Eqs. (2-a) and (2-b). 

□ = 85 □
□□ ∙ (0.0007□□ + 0.0003) ∙ □□.□□□□□□  Va ≤ 1 m/s  (2-a) 

□ = 85 □
□□ ∙ (0.001) ∙ □

□.□□□□□□  Va > 1m/s  (2-b) 

The heat transfer between the air and brine comprises four processes: the heat transfer between the air and 
desiccant felt composed of one convective heat transfer (the first term on the right-hand side of Eq. (3)) and 
one latent heat transfer (the second term on the right-hand side of Eq. (3)), the heat conductions inside the 
desiccant felt and tube wall (Eq. (4), Eq.(5)), the convective heat transfer between the tube wall and the brine (Eq. (6). 

□ = ℎ□□□ ∙ □□□□ ∙ (□□ − □□) +□□ ∙ □□□  (3) 

□ = □□□□
□□

(□□ − □□)  (4) 

□ = □□□□
□□

(□□ − □□)  (5) 

□ = ℎ□□ ∙ □□□(□□ − □□)  (6) 

From Eqs. (3) – (6), q can be rewritten in the form: 

□ = □□□□□□ ∙ □□□□ ∙ (∆□) + □□□□□□
□□□□ □□ ∙ □□□  (7) 

where Htotal is the overall sensible heat transfer coefficient, expressed by Eq. (8). ∆T is the logarithmic mean 
temperature difference, calculate Eq. (9). 

□
□□□□□□ =

□
□□□□ +

□
□□□

□□□□
□□□ + □□

□□
□□□□
□□ + □□

□□
□□□□
□□   (8) 

∆□ = □□□,□□□□□,□□□□□□□□,□□□□□□,□□□
□□□□,□□□□□,□□□□□,□□□□□□,□□

  (9) 

In this study, the conduction thermal resistances in the desiccant layer and tube wall are ignored, therefore, 
Htotal is calculated by the Eq.(10). The inside and outside heat transfer coefficients (hin and hout) are calculated 
by Eqs. (11) and (12) separately [22], [23]. 

□
□□□□□□ =

□
□□□□ +

□
□□□

□□□□
□□□   (10) 

□□,□□□ = □□□□□□□
□□ = 2.1 □□□,□∙□□,□∙□□□□ □□.□□  (11) 

□□,□□ = □□□□□□
□□ = 0.023□□,□□.□□□,□□  (12) 

n is 0.3 and 0.4 during the cooling and heating processes respectively. 
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3.2. Experimental measurements 

Figure 7 shows a schematic diagram and photograph of the experimental apparatus. It comprises two air 
loops, two brine loops and some measurement instruments. During the adsorption (AD) experiment, the air at 
12°C, 60% relative humidity and a velocity of 0.5 m/s from the air supplier_ A and the cooling brine at 5°C and 
5 liters per minute from the thermostatic bath_A are sent to the DCHE_A. During the desorption (DE) 
experiment, the air at 27°C, 60% relative humidity, and a velocity of 1m/s from the air supplier_B and the hot 
brine at 43°C and 5 liters per minute from the thermostatic bath_B are sent to the DCHE_A. AD and DE 
experiments were continuously conducted with at least three cycles per test, and the experimental data on the 
second or third cycle were used in the following data reduction. The temperature (Ta) and air humidity ratio 
(Xa) at the DCHE_A inlet and outlet are measured by Pt temperature sensors (accuracy to within±0.2 K), and 
a capacitive humidity sensor (accuracy to within ±1%). The air flow rate (ma) is measured by a differential 
pressure flow meter (accuracy to within ±1.5%). The flow rates of the hot or cooling brine (mb) at the DCHE_A 
inlet were measured by an electromagnetic flow meter (accuracy to within ±0.5% of the measured value). The 
brine temperature (Tb) was also measured at the DCHE inlet and outlet by Pt temperature sensors (accuracy to 
within ±0.2 K). 

 The mass-transfer rate of Mv is obtained from the measured results of ma and Xa (Eq. (3)) The heat transfer 
rate of q is obtained from the measured results of mb and Tb (Eq. (14)). Mv and q are also calculated by the 
proposed heat and mass-transfer models in Section 3.1. Both the experimental and calculated results of Mv and 
q are shown on Fig. 8. It is found that the values obtained by calculation correlate well with the experimental 
results. 

□□ = □□□□□,□□ − □□,□□□□  (13) 

□ = □□□□,□□□□,□□ − □□,□□□□  (14) 

 

Figure 7 The schematic and photo of the experimental apparatus 

Figure 8 Comparison of experimental and calculated Mv and q 
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4. Simulation and experimental analysis of the proposed frost-free RDC 

4.1. Simulation analysis 

4.1.1. Calculation models 
Simulations were carried out under the operating conditions shown in Table 2. The physical characteristics 

of the two DCHEs (DCHE_1 and DCHE_2) and the evaporator are shown in Table 3. In this simulation, the 
specifications of the condenser were not specified. We assumed that it could release the remained condensation 
heat of the refrigerant to maintain a constant supercooling (SC) of 2°C. As mentioned above, although the 
system switches between Modes A and B periodically, the refrigerant and air undergo the same state change. 
Accordingly, the mathematic models for either of the two modes can be applied to the other. In the following, 
the mathematical models based on Mode A will be established. During Mode A, DCHE_1 works as one of the 
two evaporators and the desiccant operates under the AD process, DCHE_2 as one of the two condensers under 
DE processes respectively. 

The evaporation load of DCHE_1 (qeva1) and condensation load of DCHE_2 (qcon1) are calculated by using 
the heat and mass-transfer models given in Section 3.1. The evaporation load of another evaporator (qeva2) is 
calculated by Eq. (15). Therefore, the total evaporation load (qeva) is obtained by Eq. (16). The mass flow rate 
of the refrigerant (mr) is decided based on qeva. The electric power consumption of the compressor (wcom) is 
calculated by Eq. (17). The remaining condensation load released by the condenser (qcon2) is calculated by Eq. 
(18). 

□□□□□ = □□□□□□,□□□□ ∙ □□□□,□□□□ ∙ ∆□ (15) 

□□□□ = □□□□□ + □□□□□  (16) 

□□□□ = □□(□□ − □□) (17) 

□□□□□ = □□□□□ + □□□□□ +□□□□ − □□□□□  (18) 

The switching time from Mode A to Mode B is decided by this relationship: namely, whether the dew point 
of the dehumidified air (DPDA) is lower than the surface temperature of the evaporator (Tsur). Tsur is obtained 
by Eq. (19). If DPDA<Tsur, then Mode A is continued. When this relationship can no longer be satisfied, Mode 
A ends and Mode B commences. DPDA is a function of the humidity ratio of the dry air (XDA) as calculated by 
Eq. (20). 

ℎ□□□,□□□□□□□□,□□□□ □□□,□□,□□□□□□□,□□□,□□□□□ − □□□□□ = □□□□□  (19) 

□□□ = □□□ − □□
□□□

  (20) 

Table 2 Parameters of the analytical calculation 

Parameters mRA TRA RHRA TSA mOA1 TOA1 RHOA1 SC SH ηcom 
Values 0.015kg/s1 12⁰C 70% -5⁰C 0.014kg/s 25⁰C 60% 2⁰C 5⁰C 0.65 

Note: m – mass flow rate; T-temperature; RH – relative humidity of air; SC – supercooling; SH – superheating; ηcom – adiabatic efficiency 
of compressor; RA – return air; SA -supply air; OA – outside air. 

Table 3 Physical characteristics of DCHEs and evaporator 

Parameters DCHE_1 and DCHE_2 Evaporator 
Type of heat exchangers Aluminum fin and copper tube 
Height×Width×Length (m) 0.254×0.252×0.0573 0.127×0.669×0.066 
Fin pitch (m) 3.6 × 10-3 1.8 × 10-3 
Surface area Aout (m2) 1.99 5.63 
Heat transfer coefficient (kW/(m2·K) 0.017 of hout; 0.016 of Htotal 0.019 of hout; 0.017 of Htotal 
Coated desiccant amount md (kg) 0.17  
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Propane is used as a working fluid in this system, the thermophysical properties of which were calculated 
using REFPROP7.0 (NIST). The assumptions used in this simulation are as follows:  

 Heat losses in the system are neglected. 
 Constant isentropic efficiency of the compressor is assumed. 
 A thermodynamic equilibrium exists between the air and desiccant in the desiccant-coated heat 

exchanger. 
 The heat capacity change of the two DCHEs caused by the switch of adsorption/desorption processes 

is neglected. 

4.1.2. Simulation results 
The humidity ratio of air (Xa) at the DCHE_1 inlet and outlet is shown on Fig. 9. During Mode A, the return 

air (RA) with a humidity ratio of 6.2g/kg is dehumidified by the DCHE_1, therefore the outlet Xa is lower than 
that at the DCHE1 inlet. The outlet Xa rises over time and when it is equal to 3.63g/kg, the anti-frosting criteria 
can’t be guaranteed, the operation mode is switched from A to B. During Mode B, the DCHE_1 is regenerated 
using the outside air (OA) with a humidity ratio of 12.7g/kg. The outlet Xa is higher than that at the DCHE_1 
inlet. 

The temperature of the return air (RA), the dehumidified air (DA) and the supply air (SA) is shown on Fig. 
10. RA with a temperature of 12⁰C is cooled to a temperature of 8⁰C (DA) by the DCHE under AD process, 
and furthermore to -5⁰C (SA) by the evaporator. 

 The total evaporation load (qeva) and the electric power consumption of the compressor (wcom) are 
calculated, and the results are shown in Fig. 11. Both decrease slightly over time. The average values of qeva 
and wcom for one cycle are 0.43kW and 0.14kW, respectively (Fig. 12). For 0.43kW of qeva,ave, it consists of 
0.28kW of the sensible heat load and 0.15kW of the latent heat load. The average moisture removed velocity 
over one cycle is 0.21kg/hour. 

Figure 9 Xa at the DCHE_1 inlet and outlet                       Figure 10 Ta of RA, DA and SA  

Figure 11 qeva and wcom                                     Figure 12 Average values of qeva and wcom 
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4.2. Experimental analysis  

We made a prototype: a forced draft, open-type frost-free RDC, with a cabin volume of 67 liters and cabin 
temperature of 2~8°C. As shown in Fig. 13, the prototype comprises a display cabin unit that is a commercially 
available conventional RDC and a DCHE unit, and the two units are connected by some refrigerant tubes and 
air ducts. The two DCHEs (DCHE_1 and DCHE_2) have the same specifications as those adopted in 
simulation analysis. However, the evaporator used in the prototype has greater overall dimensions and a larger 
fin pitch compared to that used in simulation analysis. 

The prototype was installed in an environmental test chamber, within which the air was set to 26°C and 
relative humidity to 50%. Experiments were continuously conducted with at least two cycles per test. The 
refrigerant temperature and pressure at the inlet and outlet of the DCHE_1, DCHE_2, evaporator, condenser 
and compressor, the electric power consumption of the compressor, the air temperature and humidity ratio at 
the inlet and outlet of the DCHE_1, the evaporator are measured.  

The measured results of air humidity ratios (Xa) at the DCHE_1 inlet and outlet are shown in Fig. 14. 
Because the DCHE_1 is regenerated (releasing moisture to air) in Mode B, the outlet Xa exceeds that at the 
inlet. On the contrary, the DCHE_1 dehumidifies the cabin’ return air (adsorbing moisture from air) in Mode 
A, therefore, the outlet Xa is lower than that at the inlet. Furthermore, the outlet Xa at the ending time of Mode 
A is 2.79g/kg, corresponding to the dew point (DPDA) of -4.2C. Although the surface temperature of the 
evaporator (Tsur) wasn’t measured, we don’t know whether the anti-fogging relationship of “DPDA<Tsur” was 
satisfied. A visual inspection confirmed that neither frost nor drainage was present. Therefore, in the prototype 
experiments the time of Mode switching was 50 minutes, which exceeds the calculated result of 18 minutes 
(Fig. 9). The main reason is that the moisture removal rate (Mv) of the DCHE_1 in the prototype is lower 
compared with the calculation result. Under the same moisture removal capacity, the lower the Mv, the longer 
the AD time (anti-fogging time). The low Mv in the prototype was mainly caused by the heat capacity change 
of the DCHE_1 under the switch of adsorption/desorption processes, which is neglected in the simulation.  

 

Figure 13 Schematic and photograph of the prototype 

 
 
 

15th IEA Heat Pump Conference 2026 - OTI1.5 - https://doi.org/10.23697/zv3x-2r42

https://doi.org/10.23697/zv3x-2r42


15th IEA Heat Pump Conference 2023  000–000 

 

 10

The measured results of the cabin temperature (Tcab) for both the prototype (frost-free RDC) and a 
conventional RDC are shown in Fig. 15. Compared to the fluctuating temperature in the conventional RDC, 
the frost-free RDC can keep an approximately constant Tcab of 7°C. It must be noted that for the conventional 
RDC, Tcab rises to 25°C during defrosting process. The proposed frost-free RDC has solved this issue. 

The total evaporation heat load of the refrigerant (qeva) and the electric power consumption of the 
compressor (wcom) are shown in Fig. 16. Note that wcom is the measurement result, but qeva is obtained based on 
the measured refrigerant temperature and pressure and the calculated refrigerant mass flow. Here the 
refrigerant mass flow is calculated based on the specification of the compressor (volume of 12.5cm3, volume 
efficiency of 0.7, adiabatic efficiency of 0.52, 60Hz). qeva and wom remain stable except immediately after 
switching. Furthermore, the average values of total evaporation heat load (qeva,ave) and electric power 
consumption of the compressor (wcom,ave) in one cycle are calculated and shown in Fig. 17. Compared with the 
simulation results, qeva,ave of the prototype is 86% higher. Consequently, the prototype’s wcom,ave exceeds the 
calculated result. The heat loss of the prototype is the main cause of the increased qeva,ave. In the prototype unit, 
the heat loss by the heat intrusion from the air ducts and refrigerant tubes connecting the display cabin unit 
with the DCHE unit is significant. Due to some reasons, in this prototype, the DCHE unit was separated from 
the display unit. However, the ideal configuration of the frost-free RDC involves installing the DCHE unit in 
the machine room of the display cabin. Accordingly, the heat loss occurring in this prototype could be 
significantly decreased. Assuming zero heat loss and the adiabatic efficiency of compressor increasing from 
0.52 of the prototype to 0.65, namely the value available in the abovementioned simulation, wcom,ave could be 
reduced to 0.18kW. For a conventional RDC product with equivalent cooling capacity, the electric power 
consumption of the compressor is 0.28kW [24]. Compared to the conventional RDC, the proposed frost-free 
RDC has the energy saving potential of 36%. 

Figure 14 Xa at the DCHE_1 inlet and outlet              Figure 15 Tcab of frost-free RDC and conventional RDC 

Figure 16 qeva and wcom                                            Figure 17 qeva,ave and wcom,ave 
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5. Conclusions 

In this study, we proposed a frost-free RDC that mainly comprises a compressor, two desiccant-coated heat 
exchangers (DCHEs), a low-temperature evaporator and an auxiliary condenser. The return air of the RDC is 
dehumidified due to one of the DCHEs to prevent the evaporator frosting. Meanwhile, another DCHE works 
as a condenser, in which the desiccant is regenerated using condensation heat that would otherwise be ejected 
into the ambient air in conventional RDCs. A theoretical and experimental study is conducted for a forced 
draft, open-type frost-free RDC, with a cabin volume of 67L and cabin temperature of 2~8°C. Simulation 
results show that the required air cooling load of the RDC is 0.43kW and the electric power consumption of 
the compressor is 0.14kW, respectively. A prototype of the frost-free RDC was made and experiments were 
conducted. The experimental results show that the absence of defrost cycles of the prototype contributes to a 
stable internal temperature of the cabin. Moreover, the proposed frost-free RDC has an energy saving potential 
of 35.7% compared to commercial RDCs. 

Nomenclature 

A - area [m2] 
AD – adsorption 
Cp - specific heat at constant pressure [kJ/(kg∙K)] 
Cw - water content of desiccant [(kg∙H2O)/(kg∙desiccant)] 
Dec - hydraulic diameter [m] 
DCHE - desiccant-coated heat exchanger 
DE - desorption 
DP - dew point of air [⁰C] 
RH - relative humidity of air [%] 
L - length [m] 
h - heat transfer coefficient [kW/(m2∙k)] 
i - enthalpy [kJ/kg] 
Pr - Prandtl number 
m - mass flow rate [kg/s] 
Mv - mass-transfer rate [kg/s] 
q - heat transfer rate [kW] 
qst - latent heat of vaporization of water [kJ/kg] 
Re - Reynolds number 
SC - supercooling [⁰C] 
SH - superheating [⁰C] 
T - temperature [⁰C] 
X - humidity ratio of air [g/kg] 
δ - thickness [m] 
λ - thermal conductivity [kW/(m∙K)] 
ηcom - adiabatic efficiency of compressor [-] 

Subscripts 

a - air 
b – brine 
cab - cabin 
con – condenser 
d - desiccant 
DA - dehumidified air 
eva - evaporator 
EA - exhausted air 
in - inside 
out - outside 
OA - outside air 
RA - return air 
SA - supply air 
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