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ABSTRACT

In this study, a single stage thermoelectric cooler (TER, of size: 213 14.23 13.5 cm) with thermoelectric
module (TEM, of type inbc1-127. 05 with size 403 403 4.0mm) and applied electrical power of 30W
and current of 2.5 A, was adopted to estimate the coefficient of performance (COP) of thermoelectric
refrigerator (TER). The TER uses a fan to cool the heat exchange region of the TEM. The temperature of
the fruit/vegetable samples used in this study was taken before and after cooling for a specific period.
The temperatures at both the hot and cold sides of the TEM were also taken at every specific cooling
period. The experimented TER can cool vegetable/fruit from about 27 to 58C within 3 h. The aim of this
study is to determine the COP of TER to ascertain the possible applications. The temperature gradient
at the heat exchange section of TEM was used to estimate the average theoretical COP to be 0.99, the
heat extracted from the cooling chamber and the power supplied was used to estimate the average
practical cooling COP to be 0.52; which is within 0.4–0.7 standard COP for a single stage type of TER.
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1. INTRODUCTION

Refrigeration can be defined as the processes involved in reducing and maintaining the
temperature of a space or material below that of its surrounding. This can be achieved by
extraction of heat from the body to be cooled or refrigerated and move the same to another
body of higher temperature. The refrigeration systems available include vapor compression
system, vapor absorption system and thermoelectric system. The demand for refrigerating
systems to meet global requirements for medical services, vaccine and food preservation and
cooling of electronic appliances is on the high side lately. The conventional refrigeration
systems that are produced to meet the demand, operate with the aid of either chlorofluo-
rocarbons (CFCs) or other chemical substances, that may be hazardous to our environment.
Thermoelectric devices neither utilize CFCs in their operation, nor release greenhouse gases
(GHGs) such as carbon dioxide CO2, that can contribute to ozone layer depletion [1].
Moreover, thermoelectric refrigerators or coolers are very quiet in operation because they
have no moving parts; the power required to operate them is convenient [1]. Thermoelectric
refrigerator (TER), is a new and a sustainable alternative, because it can operate using
electricity generated from waste, which will perform an important function in combatting the
challenges facing energy today [2]. Consequently, TER are significantly needed [3], most
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especially in the developing nations where refrigerators with
extended life and little maintenance are required [3, 4].

Thermoelectric refrigerator (TER), is a system used in
many cooling processes such as applied in medical in-
struments, machines and electronic appliances. The cooling
unit used is called thermoelectric module (TEM). It consists
of cold and hot junctions in series as shown in Fig. 1,
developed as alternative ecofriendly device for pumping
heat. The thermoelectric module (TEM) is made up of either
Lead Telluride or Bismuth Telluride pellets of combination
of semiconductor, thermal, and electrical properties; used to
convert heat energy recovered from waste into electrical
energy [5]. The electrical energy is used for heating and
cooling purposes. The operation of TEM is based on ther-
moelectric effect, which includes Seebeck Effect, Peltier Ef-
fect and Thomson Effect. The Peltier Effect is applied in a
thermoelectric cooling system whereas, Seebeck Effect is
applied in a power generator [6]. Coefficient of performance
(COP) in refrigeration, is the ratio of the heat extracted (i.e.
output) from the refrigerated body to the quantity of (input)
energy needed to produce the refrigerating effect; this has
correlation with the efficiency of a machine. COP in ther-
moelectric refrigerator can be defined as the quantity of heat
pumped by TEM, that can be obtained from each unit of
electrical power supplied. In this paper, the procedure for
establishing the COP of thermoelectric refrigerator or cooler
(TER of TEC) is provided. This will enable us to ascertain
the appropriate COP required for a cooling process of a
specified temperature.

1.1. TER principle of operation

Thermoelectric module (TEM) operates by moving the heat
generated at the hot side of the system to the area of rela-
tively cold region. During cooling process, the current from
the power supply passes across the n-type semiconductor to
the p-type; thereby making the temperature of the cooling
interconnecting conductor to reduce and hence, heat from
the surroundings is absorbed. Peltier Effect phenomenon
involves the absorption of heat energy from one dissimilar
metal junction and the release of same to another junction,
when there is flow of current into the circuit as presented in
Fig. 1. COP maximum depends majorly on the temperature
gradient that exists between the hot and cold side. It will

shift towards the high current when the temperature
gradient increases. Therefore, current should not exceed
70% of the Imax because then COP will be too small,
rendering the Peltier element inefficient.

2. MATERIALS AND METHOD

2.1. Selected fruits and vegetable

Fruits and vegetables that were selected for this investigation
include lemon, apple, orange, banana, carrot, tomato, grape;
nevertheless, water was included. These experimentation
materials were obtained from Ikole market, Ekiti, Nigeria.
These materials were chosen because they are better pre-
served at temperatures not higher than 78C and not lower
than 48C within a high relative humidity environment.

2.2. Single-stage thermoelectric refrigerator

A 30W single-stage TER with cooling chamber of size
2103 1423 135mm which is about 4 L in capacity and
thermoelectric module of type inbc1-127. 05 (with size
403 403 4.0mm), made of bismuth telluride ðBi2Te3Þ
were used in this study. The cabin of the refrigerator is
about 20mm thick, made of hard plastic (Melamine
Formaldehyde type). The inner and outer wall is about
5mm thick discretely, bearing lagging material made of
Styrofoam. The plastic wall has thermal conductivity
of 0.1944 W/m k, and it is lagged with Styrofoam material
of 0.033W/m K. The heat exchangers of the refrigerator
are finned rectangular Aluminum Alloy (of size 1353 102 -

3 15mm) for hot side and a square block Aluminum Alloy

(of size 433 433 25mm), for cold side. The electrical energy
used for pumping heat (instead of compressor) is of 12V and
current of 2.5 A.

2.3. Experimentation

The mass of each food item was measured with Labtech
BL20001 Electronic Compact Scale shown in Fig. 2 and the
temperature of specimens before and after cooling process

Fig. 1. Schematic representation of thermoelectric refrigerator
(TER) Suleiman [7] Fig. 2. Labtech BL20001 electronic compact scale
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was measured with Armfield HT10XC Heat Transfer Units;
with K-Type Digital Thermocouple sensor.

The mass of each specimen was taken and recorded in
grams, the specific heat capacity adopted for each specimen,
was obtained from ASHARAE handbook. The temperature

of each specimen before cooling was recorded and the
specimens were loaded into the refrigerating cabinet of a
single – stage TER, of size 210mm 3 148mm 3 135mm
as presented in Fig. 3. The temperature of the hot side and
cold side of the heat exchangers was determined, as well as
the ambient temperature of the experimentation environ-
ment. Electrical power 30W (voltage 5 12V, current 5 2.5
A) was supplied to the TEM, and the temperature of each
specimen loaded into the refrigerator was taken and recor-
ded after cooling for a specific period. The heat ðQhÞ was
transferred from the base of TEM to the tip of finned rect-
angular aluminum alloy heat exchanger and consequently
increased the temperature. The heat generated was dissi-
pated to the surrounding with the aid of fan. The temper-
ature at the fin of hot heat exchanger, increased to 328C and
was rather constant after 3 h of operation, as the temperature
ðThotÞ approached 268C. The cold side temperature ðTcoldÞ of
the block rectangular aluminum alloy heat exchanger,
decreased gradually and was rather constant at about 108C
after 3 h of operation. The temperature gradient between the
cool and hot sides of the TEM, were recorded for every
cooling period. The diagrammatic representation of the
experimental set up is presented in Fig. 4.

Fig. 3. The Armfield HT10XC Heat Transfer Units and Thermo-
electric refrigerator

Fig. 4. A schematic representation of the experimental setup for thermal circuit of the thermoelectric cooling system: (a) Thermoelectric
Refrigerator, (b) Cold heat exchanger, (c) Thermoelectric module (TEM) - ðBi2Te3Þ; (d) Hot heat sink, (e) Fan, (f) DC power source, (g)
Voltmeter, (h) Ammeter, (i) Thermometer, (j) Digital thermometer. Th is the temperature of hot side and Tc is the temperature of the hot

side of the heat exchanger
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2.4. The heat extracted from each item at a
corresponding period of cooling

The heat extract from the refrigerated items can be deter-
mined according to Ibikunle [1] and Sujith, et al. [8] as
presented in Equation (1).

Q cooling ¼ m3Cp3 ðΔTÞ (1)

where Q cooling is the heat removed from the refrigerated
body, while m is the mass of the specimen, Cp is the specific
heat capacity of the refrigerated body and ΔT is the differ-
ence between the temperature of specimen before and after
refrigeration.

2.5. Estimation of the work input required in the
cooling process

The work input required in the cooling process is deter-
mined by using Equation (2)

Work input ðWinÞ ¼ V*I*T (2)

Where V is the voltage of the power source, 12V; I is the
current required, which is 2.5 A and T (s) is the period of
refrigeration.

2.6. Determination of the theoretical and practical
COP

According to Ibikunle [1] and Jugsujinda et al. [9], theo-
retical COP of thermoelectric refrigerator can be determined
using Equation (3)

COPtheoretical ¼ Tcold

Thot � Tcold
(3)

where COPtheoretical is the COP of the TER during cooling,
Tcold is the temperature of the cold side of TEM and Thot is
the temperature of the hot side of the thermoelectric module
(TEM). Ibikunle [1] and Sujith et al. [8] suggested that
Equations (4) and (5), can be used to determine the practical
COP of TER.

COPref : ¼ Refrigerating Effect
Work input

(4)

¼ Qcooling

Win
(5)

where COPRef : is the COP of the TER during cooling, Qcooling

is the total amount of the heat removed from the refrigerated
material in Equation (1) and Win is the work done by the
heat pump (TEM) in Equation (2). Ahmed [10]; Manish and
Brajesh [11] also suggested that COP of the TER, can be
determined by adopting Equation (6).

COPref : ¼ Q1

W
(6)

Q1 ¼ ða2 � a1ÞT1I � UðT1 � T2Þ � 1=2
�
I2
�
R (7)

W ¼ ða2 � a1ÞðT1 � T2ÞI þ
�
I2
�
R (8)

The parameters for the semiconductor material, thermo-
electric module – Bismuth Telluride (Bi2Te3Þ adopted in this
investigation was suggested by Manish and Brajesh [11]. The
materials: Bismuth (material 1) and Telluride (material 2):

The typical values for Bi2Te3 at 218C
Seebeck coefficient ða2Þ 5 5 310−4V=K
Seebeck coefficient ða1Þ 5 −7:2 310−5V=K
Thermal conductivity (k) 5 1.5W/m K
Effective Thermal Conductance (U) 5 0.06W/K
Shape factor ðFSÞ ¼ 1
Emissivity ð«Þ ¼ 1
Resistivity ðrÞ 5 1310−5 Ωm
Stefan-Boltzmann constant ðσÞ ¼ 5:667310−8 W=m2K4

Convective heat transfer coefficient 5 137.5W/m2 K
Figure of merit (Z) 5 2:67 310−3 1=K
The Test conditions:
Peltier dimension ð4034034:0Þ mm
Voltage 5 12V
Current 5 2.5 A
Resistance 5 4.8 Ω

Temperature of hot side (T2) 5 328C
Temperature of cold side (T1) 5 108C
Ambient temperature ðTamb:Þ ¼ 30 8C
Therefore,

Q1 ¼ ða2 � a1ÞT2I � UðT2 � T1Þ � 1
�
2
�
I2
�
R

¼ �
5310−4 þ 7:2310−5

�
30532:5� 0:06 ð22Þ � 0:5

�
2:52

�
34:8

¼ 15:883W

And W ¼ ða2 −a1ÞðT1 −T2Þ I þ ðI2ÞR
¼ �

5310−4 þ 7:2310−5
� ð22Þ3ð2:5Þ þ �

2:52
�
34:8

¼ 30W

0 COP ¼ Q1

W
¼ 0:529

2.7. Heat load estimation

The heat load can be classified as active and passive, or a
combination of both. Active load is that which is dissipated
by the device that cools. It is equal to the power input to the
device. Passive thermal loads are parasitic in nature, which
include the load involved during radiation, convection and
conduction modes of heat transfer. Equations 9�13 were
adopted for the estimation of the heat load involved in the
thermoelectric refrigeration procedures as suggested by
Manish [11].

i. Active heat load

The active heat load ðQactiveÞ can be estimated using
Equation (9).

Qactive ¼ V2

R
¼ I2R (9)

Where, Qactive is the active heat load (W), V is the applied
voltage to cooling device, R ðΩÞ is the resistance of the device
and I (A) is the current through the device.
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Qactive ¼ 2:5234:5 ¼ 28:125W

ii. Conduction

The conductive heat load ðQcond:Þ can be calculated using
Equation (10).

Qcond: ¼ k3A3
dT
dx

(10)

Where, Qcond: is the conductive heat load (W), k (W/m 8C) is
the thermal conductivity of the material, A (m2) is the cross-
sectional area of the material, dx (m) is the distance of the
heat path dT (8C) is the temperature difference across the
path of heat.

Qcond: ¼ 1:530:00163
22
0:04

¼ 1:32W

iii. Convection

The convective heat load ðQconv:Þ can be calculated using
Equation (11).

Qconv: ¼ hA ðTamb: � TcoldÞ (11)

Where, Qconv is the convective heat load (W), h is the
convective heat transfer coefficient (W/m2 K), A ðm2Þ is the
cross-sectional area of material and Tamb is the ambient
temperature (8K) and Tcold the temperature (8K) of the cold
side.

Qconv: ¼ 137:530:00163ð303� 283Þ ¼ 4:4W

iv. Radiation

The radiative heat load ðQrad::Þ can be calculated using
Equation (12).

Qrad: ¼ Fs3«3σ3A3Tamb:3Tc (12)

Where, Qrad: is the radiation heat load (W), Fs is the shape
factor « is the emissivity, σ (5.667 3 10−8 W=m2K4) is the
Stefan-Boltzmann constant, A ðm2Þ is the area of the cooled
surface, Tamb is the ambient temperature (8K) and Tcold is the
temperature (8K) of the cold side.

Qrad: ¼ 13135:667310−830:0016330320
¼ 5:44310−8 W

Total loadðQÞ ¼ Qactive þ Qcond: þ Qconv þ Qrad: ¼ 33:84W

(13)

3. RESULTS AND DISCUSSION

This section presents the performance specification of TEM,
the cooling temperature of the specimens per period, the
amount of heat extracted from each specimen, the percentage
distribution of the heat from each specimen and the COP of
the thermoelectric refrigerator. The thermoelectric cooler
that the experiment was based is a single-stage TEC. The
COP of a single stage TEC ranges from 0.4 to 0.7 [12, 13].

3.1. Performance specification of the thermoelectric
module (TEM)

The specification of the TEM of the TEC used is presented
in Table 1. Inbc1-127.05 is the type of TEM used in the TEC.
The maximum quantity of heat (Q max) that can be pumped
by the TEC is 51–57 kJ as shown in Table 1, which can
conveniently accommodate the range of heat (4–50 k J) that
was extracted from the specimens in Table 4. I max. of 6 A,
is the current associated with the heat pumped by TEM can
conveniently tolerate 2.5 A, which is the current of the po-
wer supplied to the TEM. Delta T max. (65–748C) is the
maximum temperature gradient produced between the hot
and the cold side of the heat exchangers, which will
accommodate the temperature 228C, removed from the
specimens that were cooled. The respective voltage across
the cooler is denoted as V max. (15–17V) this is quite larger
than the 12V of the power supplied to the TEM. Length,
width and height refer to the dimensions of the TEM. The
analysis of the specifications of the TEC indicates that the
system used is appropriate for the loading involved in the
experiment.

3.2. The rate of temperature reduction in the
specimens during cooling for six hours

The temperatures of the test specimens before cooling is in
the range 25–278C. The thermoelectric cooler (TEC) was
able to reduce the temperatures of the specimens to the
range of 15–198C in the first 30min of cooling. After one
(1) hour of cooling the specimens’, temperature reduces to
between 14 and 178C, after two (2) hours the temperatures
range become 9–148C, it became 5–118C after three (3)
hours; it reduces to range between 5 and 98C after four
(4) hours of cooling. Tomato and banana has the highest
cooling rate with temperature of 58C after four (4) hours of
cooling, followed by carrot with temperature of 68C, fol-
lowed by water (H2O), orange and lemon with temperature
of 88C and the least is apple and grape with 98C. The
temperatures of the specimens remained constant after
cooling for four (4) hours as shown in Table 2 which shows
that the temperatures for the fifth and sixth hours of
cooling are the same as that of the fourth hour for all
specimens.

The graph showing the cooling temperature of the
specimens with their corresponding cooling period is shown
in Fig. 5.

Table 1. Performance specifications of the Thermoelectric module

Thermoelectric module type (inbc1-127.05)
Dimensions

(mm)

Hot side Temp. (8C) 27.0 54.0 Length 40
I max. (Amps) 6.0 6.0 Width 40
Delta T max. (8C) 65.0 74.0 Height 4.0
V max. (Volts) 15.40 17.4
Q max. (W) 51.4 57.4
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3.3. The temperature gradients at the TEM during
cooling for four hours

Table 3 presents the analysis of the temperature gradients
at TEM during the cooling process. The temperature gained
at the hot side of the thermoelectric module is of range
26–328C and the temperature range at the cold side is
10–218C. The theoretical COP decreases after the first 3 h of
cooling process and became constant after the fourth hour

of cooling. The average COP after cooling for about 4 h is
0.99.

3.4. The load (kJ) extracted from the specimens
during five hours of cooling

The minimum heat extracted from the specimens while
cooling for the first 30min is 3.18 kJ from apple followed by
3.51 kJ from carrot and the highest is 26.2 kJ from water.
After 1 h of cooling, the heat extracted from water is 29 kJ,
followed by lemon 12.76 kJ and the least is grape 2.25 k J as
presented in Table 4.

About 38 kJ of heat was removed from water after
cooling for 2 h, followed by lemon with 18.4 kJ, followed by
grape with about 17 kJ and the least is apple with 4.24 kJ.
The heat removed after 4 h of cooling, has 49.48 kJ, as the
highest from water followed by 25.51 kJ from lemon, 23.7 kJ
from grape, 15.03 kJ from orange, 12.96 kJ from tomato,
11.79 kJ from banana, 6.38 from carrot and least is 6.01 kJ
from apple. The total heat extracted from all the specimens

Table 2. The heat extracted from each item and the corresponding period of cooling

Samples Mass (g)
Specific heat
(kJ/kg K)

Temperature (8C)
precooling

Period (h) of cooling and temperature (8C) after cooling

½ h 1 h 2 h 3 h 4 h 5 h 6 h

Lemon 372 3.81 26 19 17 13 9 8 8 8
Apple 95 3.72 26 17 16 14 10 9 9 9
Orange 232 3.81 26 18 16 13 9 8 8 8
Tomato 153 3.85 27 15 14 11 5 5 5 5
Carrot 82 3.89 26 15 14 9 8 6 6 6
Water 693 4.2 25 16 15 12 11 8 8 8
Grape 352 3.96 26 19 17 14 10 9 9 9
Banana 160 3.35 27 17 16 11 7 5 5 5
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Fig. 5. The graph showing the variation curve of cooling to the period (hour) for each process

Table 3. The temperatures at the hot and cold sides of the
thermoelectric module (TEM)

Period of
operation

Temp. (8C) at
the hot side

Temp. (8C) at the
cold side

COP
theoretical

1 h 32 21 1.91
2 h 30 13 0.77
3 h 26 10 0.63
4 h 26 10 0.63
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after four (4) hours is 151.74 kJ and the temperature of each
specimen remain constant even after further 1 h of cooling.

3.5. The estimated COPRef using Equations 1, 2 and 5

The heat extracted from each refrigerated item considered as
the refrigerating effect of the system, the work input and the
corresponding COP obtained is presented in Table 5. The
table summarizes the correlation between the quantity of
heat extracted and the work input, and the corresponding
COP in the cooling processes.

The C.O.P of the TER using Equations (1, 2 and 5) is
0.515 and the C.O.P of the system using Equations (6–8) is
0.529.

3.6. The distribution of the heat extracted from the
refrigerated items

Figure 6 presents the percentage distribution of heat during
the cooling process of one (1) hour. Water takes 39% of the
heat extracted, followed by lemon with 17%, orange 12% and
the least is grape with 4%.

Figure 7 shows the heat distribution among the refrig-
erated items during the cooling process of two (2) hours.
Water takes 34% of the heat extracted, followed by lemon
with 16%, grape 15% and the least is apple with 4%.

Figure 8 reveals that water has 30% of the heat distri-
bution, followed by lemon with 18%, grape with 16% and the
least is apple and carrot with 4%, during the cooling process
of three (3) hours.

Table 2 shows that the refrigerated items have same
temperature conditions after cooling for four (4) and five (5)

hours, that is no temperature difference. Ditto the heat
extraction from each item after four (4) hours cooling is
same with that obtained after cooling for five (5) hours. This
means the system reaches its maximum refrigerating ca-
pacity after 4 h. In Fig. 9, it could be observed that water
produced 33% of the heat extracted after four (4) hours, this
could be due to its high specific heat capacity. However,
apple and carrot produced the least heat of 4%, which could
be traceable to the two fruits being fleshy; their flesh pre-
vents the conduction of heat from the fruits.

Table 5. Estimated average C.O.P of the system

Period of cooling
(hour)

Heat extracted,
Q (J)

Work Input,
V.I.T (J) C.O.P

1 84,162 108,000 0.7793
2 112,145 216,000 0.5191
3 137,247 324,000 0.4236
4 146,430 432,000 0.3389
Total 2.0609
Average 0.5152
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39%
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Orange

Tomato
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Water
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Fig. 6. Heat distribution for refrigerated fruits/vegetables during
cooling for 1 h
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Fig. 7. Heat distribution for refrigerated fruits/vegetables during
cooling for 2 h

Table 4. The heat extracted from the specimens during the cooling
process

Sample of
specimens

Heat extracted (k J) from each specimen
and the period of cooling (hr.)

½ h 1 h 2 h 3 h 4 h 5 h

Lemon 9.920 12.76 18.43 24.09 25.51 25.51
Apple 3.180 3.530 4.240 5.650 6.010 6.010
Orange 7.070 8.840 11.49 15.03 15.91 15.91
Tomato 7.060 7.660 9.420 12.96 12.96 12.96
Carrot 3.510 3.830 5.420 5.740 6.380 6.380
Water 26.20 29.11 37.84 40.75 49.48 49.48
Grape 9.760 2.550 16.73 22.30 23.70 23.70
Banana 5.360 5.900 8.580 10.72 11.79 11.79
Total 72.06 74.18 112.5 137.24 151.74 151.74

18%

4%
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4%

30%
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8%Lemon

Apple

Orange

Tomato
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Fig. 8. Heat distribution for refrigerated fruits/vegetables during
cooling for 3 h
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Figure 10 shows that the heat extracted from each
refrigerated item increases with the period of cooling.
Nevertheless, the highest fraction of heat extracted during the
cooling process is 36% from water, followed by grape and
lemon with 14% discretely, followed by orange and tomato
with 10% concurrently, banana takes 7%, carrot takes 5% and
apple 4%.

3.7. Comparison between the theoretical and
practical COPs

Under the same experimental conditions (i.e. specimens are
cooled periodically), COP theoretical has a range of 0.63–
1.91 during cooling within 4 h, while COP practical varies
from 0.34 to 0.78 within same period for COP theoretical as
shown in Table 6. The COP practical is about 53% of the
COP theoretical. The average COP practical obtained, agrees

with the range (0.4–0.7) of COP stated for the single-stage
TER [12, 13].

RelativeC:O:P ¼ Actual C:O:P
Theoretical C:O:P

¼ 0:53

Theoretical COP is considered as an ideal performance
that assumes 100%, while the practical COP is the actual
COP, with performance less than 1, hence it is always less
than the ideal (theoretical) COP.

4. CONCLUSION

The TER with a single stage TEM of inbc1-127. 05 type (with
size 403 403 4.0mm) using the electric current of 2.5 A,
was used to cool fruits and vegetables from temperature of
278C to a temperature of about 58C after 4 h. The tempera-
tures of TEM at the hot side increases from 28 to 328C after
1 h, and after three (3) hours of the process, the heat pumped
to the hot side diminishes and because of constant cooling
effect of the fan, the temperature cools to 268C, while the
temperature inside the cabin decreases from 25 to 108C after
3 h of cooling process. The theoretical COP decreases from
1.99 to 0.63 after 3 h. The average theoretical COP was
determined to be 0.99 and the average practical COP was
determined to be 0.52, this consents with the reason theo-
retical COP is considered as being ideal because it assumes
performance of 100%. The actual (practical) COP agrees with
the range 0.4–0.7 given to be the COP range for a single-type
TER according to Marlow [12] Industry for thermoelectric
refrigerators and Loan and Calin [13]. This study presents
the percentage of the practical COP to the theoretical COP to
be about 53%. The application of this investigation is to
determine the capacity of every thermoelectric refrigerator or
cooler, that is appropriate for different operations. The single
stage TEC with COP of 0.52 is suitable for the preservation of
drugs and medication that should be stored at cool tem-
perature range between 15 to 88C; then a TEC of better COP
can be used to preserve drugs and medication that should be
stored at refrigeration temperature between 8 and 28C [14].
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