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A Refrigerator Defrosting Device Based on A Single Adsorption Bed

Driven by Waste Heat
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Abstract—The refrigerator frosting have increased 

the cooling load, the consumption of power, and 

have affected the quality of the contains. This 

device uses methanol stored in the liquid storage 

tank as a vector to recover waste heat of the 

compressor. And the adsorption bed is driven by 

the waste heat. The absorption and the desorption 

process of adsorbent-adsorbate (activated 

carbon-methanol) can recovery waste heat. Then 

through convective heat transferring, the heated 

methanol steam defrost the frost condensed on the 

evaporator. Thus the energy conservation is 

realizable. This device has the following 

advantages: 1.Using the waste heat as the source 

of the power, so it can reduce the energy 

consumption caused by the process of defrosting. 

2.This device solves the problem that the 

temperature of the box might rise to such an 

extent that may decay the contains after defrosting. 

3.Compressor’s working condition has been 

improved after the device recovering the 

waste-heat of compressor. 4.This device have the 

characters of innovative design, simple structure 

and low manufacturing cost.

Keywords: Refrigerator Defrosting, Adsorption Bed, 

Waste Heat, Heat Transfer, Energy Saving

I.  Introduction

A. Background

At present, with the rapid development of industry, 

the problems of energy shortage and environmental 

disruption are increasingly severe. At the same time, 

along with the progress of material civilization, the 

consumers’ awareness of energy conservation and 

environmental protection are also enhanced. Except 

considering the safety of products, the requirements 

for the products’ energy conservation more than 

before.

Since the 21th century, the development of 

refrigerators has been increasingly improved. 

However, there are still the frosting phenomenon on 

the evaporator. According to the statistics in Figure 1, 

the quantity of household refrigerators has reached 

93.37 million by 2014. According to the users’

feedback of Chongqing Midea Limited Company and 

the data which was investigated from 300 residents in 

Chongqing, the results have revealed that 78.5% of 

the users are facing the problem of defrosting, and the 

consumption of defrosting device is the main energy 

consumption of refrigerators.

Figure 1. The yearly number of household refrigerators production 

in China from 2006 to 2014.

B. Significance

The frequent open of the refrigerator door and 

the aqueous contains are the mainly reasons result in 

defrosting.The average heat transfer resistance is 

0.58w/(m· ), and the value is lower than the copper 

[372.16W/(m· )] obviously. According to the data,

the energy consumption increase 10% times and 3% 

times. The average value is 0.0132kw·h/ per day[1,2].
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The electricity charge from electric power company 

is 0.58yuan/kw·h.Thus, the average increasing 

electricity charge that is due to the power 

consumption of defrosting is approximately 

714840.7yuan yearly in China. As a result,

developing the novel device for defrosting is full of 

market potential and energy efficiency. 

C. Status of similar researches

The defrosting problem has plagued the 

refrigeration industry for a long time, and numerous 

attempts have been made to solve this problem. The 

general ways of defrosting at present are manual 

defrosting, electric heating defrosting and micro 

hydrophobic materials defrosting [3,5]. There are 

some disadvantages of ways above. Firstly, for 

manual defrosting, we need cut off the power and 

fetch out the box. Except the huge input of labor, 

time and materials, the contents would be spoiled, or 

an unsafe temperature condition would exist in the 

box. Secondly, the heater not only has added extra 

energy consumption but also has led to potential 

danger of electric leakage. Thirdly, the manufacturing 

cost of micro hydrophobic materials is high.

Great importance has been attached to the frost 

free refrigerator in recent years. Some frost-free 

refrigerators are not really frost-free. The 

accumulation of frost on the evaporator is invisible, 

and refrigerator also has been added heater for 

defrosting. Some frost-free refrigerators do not install 

heaters for defrosting, but this kind of refrigerators 

are in large quantities, and the additional fan 

increases the manufacturing cost [6,7].

Baojun Mei [8] etc. prevented the refrigerators 

defrosting by changing the arc angle of groove on the 

walls of refrigerator. Jinqiang Lu[9]etc. constructed a 

super-hydrophobic surface which is capable of 

anti-condensation and anti-freezing. But the previous 

theoretical systems are not so mature, facing the 

problem of developing and reducing cost. In order to 

reduce the rise of the box temperature, Tiehuan Jing 

[10] etc. fixed storing cistern on the refrigerator. In 

order to reduce the energy consumption in the 

process of defrosting, domestic and foreign scholars 

came up with many novel means for defrosting the 

evaporator of a refrigerator unit, for example: double 

evaporator for defrosting, the device for saving 

energy of defrosting. Because of the high cost, the 

not ideal effect, and the complexity of the systems, 

these devices are not popularized.

Considering the problems of the previous studies, 

we make the use of the waste heat of compressor to 

drive a single adsorption bed. The absorption and the 

desorption process of adsorbent-adsorbate (activated 

carbon-methanol) can recycle waste heat. Then 

through convective heat transferring, defrosting the 

evaporator of a refrigerator unit is realizable. Thus 

we can solve the problem of defrosting energy 

consumption and achieve in energy conservation and 

emissions reduction.

II.  Design Scheme

A. The schematic of the system

This device is designed for defrosting the 

evaporator of a refrigerator unit through convective 

heat transferring. The device is driven by the waste 

heat of compressor. The schematic of this system is 

shown in Figure 2:

Figure 2. Schematic diagram of the novel defrosting system

B. The design principle of this system

On the bases of the original refrigeration system, 

the added liquid storage tank recycles the waste heat 

of the compressor. When the compressor cumulative 

operation time accumulate to 20hs (this value can be 

reset according to different working conditions), the 

1-condenser   2-throttle valve    3-evaporator   

4-fin heat exchanger

5-compressor   6、8-solenoid valve  7-liquid storage 

tank  9-adsorption bed
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solenoid valve 6 is closed and the solenoid 8 is 

opened. The methanol in the 7 stared heat exchanges 

with adsorption bed. The adsorption starts to work 

driven by the waste heat. The heated adsorbate 

desorbs and flows to evaporator 5. Through the heat 

exchange, the frost melts away. After defrosting, the 

adsorbate flows back to the adsorption bed. When the 

defrosting is accomplished, the refrigerating cycle 

will be quickly restored. The novel device is 

structured when this cycle is repeated.

C. The Design of the Liquid Storage Tank

In order to increase the thermal storage effect, the 

heat dissipation of the liquid storage tank and the 

temperature distribution which is brought by the 

flowing of the working fluid is required to consider. 

Taking all the factors into account, the liquid storage 

tank was designed as Figure 3:

Figure 3. The profile of liquid storage tank

D. The Design of the Adsorption Bed

In order to enhance the heat transfer of the 

adsorption bed and increase its resistance to pressure,

we designed the adsorption bed as the type of tube 

bank fin.

(a)

(b)

Figure 4. Internal structure of the adsorption bed  (a)Front 

view  (b)Top view

E. The Design of the Heat Changer

The heat changer was designed as finned heat 

exchanger and was put under the evaporator 

vertically.

(a)

(b)

Figure 5. Defrosting heat exchanger (a)Structure diagram 

(b)Model diagram
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III.  Theoretical Analyses

A. The Strength Check of Liquid Storage 
Tank

To ensure safe operation of the working device,

now check the strength of the tank. Consult design 

specifications GB150-89 (steel pressure vessel). The

calculation of steel tank strength check is listed as 

follows:

(NOTE: The maximum working pressure of Pc is 1.5

MPa; the maximum internal diameter of Di is 80mm;

the thickness of the tank is δ, and the value is 2mm. 

Considering twice corrosion allowance of C2 in cycle, 

the annual thinning is 0.01mm.)

;12.006.02'2'

;06.0601.0'

;03.0301.0

2

2

2

mmmmCC

mmmmC

mmmmC





By the actual measured:

mm25.21 
Under the setting temperature, the allowable stress 

of 16MnR is 163 MPa, and the yield point is 325

MPa.

(1)Check the thickness of the tank wall

According to the thickness checking formula:
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The minimum thickness of the tank meets the 

strength requirements.

(2)Check the work stress of the tank pressure

According to the thickness checking formula:
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Calculation result shows that tank structure meets the 

strength requirement, and the design of main body is 

reasonable

In summary, the liquid storage tank meets the

requirement in the conditions of methanol as the 

working fluid, the working pressure of 0.1-1.0MPa 

and the operating temperature is 20-80

B. Thermodynamic Analysis of The System

Consulting related documents, analyzing and 

studying on the thermodynamic process of defrosting, 

the p-h diagram of the refrigeration cycle which is 

based on this novel device can be drawn as follows:

Consulting related documents about R134a 

refrigerant, have known in general case: The 

temperature of the evaporator is -35

temperature of the condenser temperature is 80

We combine the thermodynamic state of each 

point(1: slightly superheated steam; 2: superheated 

steam; 3: saturated liquid; 4: wet steam; 5: slightly 

superheated steam; ), and the thermodynamic charts 

of R134a.

Set the compressor power P1 as 200W. Then the 

mass flow rate of the refrigerant is Qm:

12

1

hh
PQm 

1-2  The isentropic process of compressor 

2-3  The isobaric process of condenser 

3-4  The adiabatic process of throttle 

4-1  The isobaric process of  evaporator 

2-5  The isobaric process of  liquid storage 

tank 

a-b-c-d The absorption and desorption process of 
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As the analysis process above, the refrigerant had 

elevated temperature and pressure after flowing 

through the compressor. The heating power is P2 :

mQ

hh
P

52
2




According to the refrigerator prospectus, it can be

assumed that refrigerator run 30min per hour, then 

the amount of heat that changed between surge drum 

and refrigerant can be obtained as follows:

21 PtQ 

Taking the actual restrictions of volume and materials 

into account, the radius R of the surge drum’s bottom 

surface is 0.075m and the length of the surge drum is 

0.2m. Then the volume of it is V:

32 0035.0 mLRV  

The physical parameters of methanol:

3

3

/791

/105.2

mkg

kgkJCp







The temperature rising at per hour of methanol in the 

surge drum is Δt.

VC

Q
t

p 




Using the methanol as the working fluid and 

substituting data, it can be concluded that the 

temperature rising at per hour of methanol in the 

surge drum is 5.44

of the insulating layer and assuming the coefficient of 

heat emission, it can be concluded that the 

temperature rising at per hour of methanol in the 

surge drum is 4.63

Analysis shows that the system COP has no change 

before or after adding this defrosting device and the 

COP is 1.103.

IV Experimental Programs 

A. The Experimental Parameters and 
Computational Analysis

After the theoretical calculation of this device, 

taking the idea of comparative experiments, we did 

the experimental tests of electric heating defrosting 

and methanol defrosting respectively. The following 

is the basic parameters of the experiment: The freezer 

temperature is -18 The dimension of the 

refrigerator is 56cm(L)×51cm(W)×110cm(H); The 

refrigerant is R134a.

According to the general condition of heating 

defrosting at present, when the cumulative working 

time of the compressor had upped to 8 hours, the 

refrigerator stared defrosting. The maximum time of 

defrosting is 30 minutes when the evaporator 

temperature rose to 14 heating stopped[11]. In 

general, the power of the heating wire is150w to

230w, and the average heating time is 30 minutesThe 

ratio of the compressor running time to the stopping 

time is 1:1.5. So one defrosting time is 20 minutes.

And the power consumption of the defrosting is 

180·0.5=0.09 kw·h. Due to the heat quantity would 

offset some cooling capacity, the increment of 

refrigerator power consumption is 

0.09·2·24/20=0.216kW·h. (Take performance factor 

of 1.0 to calculate) The calculation above did not take 

effect due to the perturbations of the freezing 

temperature.

B. Experimental System

(a)
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(b)

Figure 7. System diagram (a) 3D stereogram (b) Model 

diagram

C. Experimental Results

After the system had run for a week, then we 

collected and analyzed the data by comparing 

between heat defrosting(The power of the heating 

wire is 180w) and methanol defrosting.

The effect of defrosting is shown as follows:

(a)Before

(b) After

The experimental results are shown as the 

following Table1. and performance curve:

Table 1. The average values of each point after defrosting 

experiment

Test
item

Experiment 

item

Heating 

defrosting

Methanol 

defrosting

t1 25 25

t2 -18 -18

t3 -21 -21

t4 80 50

t5 24 20

t6 80 80

t7 9.8 -5

(NOTE t1: Ambient temperature; t2: Frozen chamber 

average temperature; t3: Evaporator surface 

temperature; t4: Compressor shell average 

temperature; t5: Compressor inlet average 

temperature; t6:Compressor outlet average 

temperature; t7: Box temperature after defrosting)
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V Benefit Analysis

A. Economic Benefit Analysis

According to the design and manufacture 

handbook of the refrigerators, the specification of 

each parts has been analyzed and calculated. The 

following Table 2. is the latest offer for the cost in the 

refrigeration equipment company website.

Table 2. The cost of the device

Device parts Specificatio

n 

Unit 

price/

yuan

nu

mb

er

Total 

price/y

uan

Solenoid 

value

4V210-08 16/ind 2 32

Adsorption 

bed

304steel 30/ind 1 30

Liquid 

storage tank

H(25)*R(1

2)

40.5/i

nd

1 40.5

Thermos 

Copper 

tube/

Aluminum 

tube 

Φ8X0.71

10/m 1.5 

m

15

Methanol Chemical 

material

19/L 1 19

Activated 

carbon

Brand of 

Kuai 

Huoling

34/kg 0.5 17

Fin heat 

exchanger

Brand of 

Shengqiang

30/ind 1 30

Total 183.5

Assuming the average power of defrosting is P0.

The unit price of power is β. The use time of 

refrigerator in one year is t0. Compared to the widely 

used heating defrosting, this device can save the 

power consumption. Consulting document and design 

handbook, the calculation process of this device is 

shown as follows:

The value of P0 is 0.216kw·h. According to the 

current published price of the power system in China, 

the value of β is 0.58yuan/kw·h. National Bureau of 

Statistics of the PRC in December 2014 statistics 

show that the national total number of refrigerator is 

93.371 million that means n= 93371000.

As a result, the annual electricity fee can be saved 

by 4211.11 million yuan.

(E0=n·P0·t0·β=93371000×0.216×360×0.58≈4211.11m

illion)

The device is based on the waste heat of 

compressor. Under this condition, the operating load 

of compressor and the temperature of the refrigerator 

shell are reduced, as a result, the service life of the 

refrigerator is extended.

B. Environmental Benefit Analysis

This device is driven by waste heat without 

external power source. Zero discharge for this device 

is realizable. The analysis and discussion of its 

environmental benefits are shown as follows:
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1. Assuming the value of carbon dioxide emission 

in producing 1kw/h electric is ‘m’. Taking the 

average value of different kinds of power plants, the 

value of ‘m’ is 0.6kg/kw·h. Compared to the 

traditional heating defrosting, the carbon dioxide 

emission reduction is about 

T=P0·m·t0≈4436989.92(T).

2. The device for the recovery of compressor waste 

heat can reduce the temperature of the refrigerator 

shell and improve indoor living environment.

VI Conclusion

On the basis analysis and discussion of the 

experimental results, the following conclusion can be 

made:

1.The defrosting refrigerator of such a structure is 

simple and flexible so that we can fix it on the 

original refrigerating system. The defrosting and 

energy-saving effects are impressive, and this device 

solves the problems that the temperature of the box 

might rise to such an extent after defrosting and the 

extra power consumption which caused by the 

process of defrosting. Compressor’s working 

condition has been improved after the device 

recovering the waste-heat of compressor.

2.The extensive household refrigerators are either 

without defrosting device, or with device in high 

energy consumption. This novel device will be in 

great demand on the market because of its low cost 

and low energy consumption. It will satisfy the 

consumers and be more widely accepted over 

counterparts. By changing the parameters of this 

device, it also can be applied to large frozen storages, 

for example, the outdoor unit of air conditioner, the 

automobile condenser, etc.
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