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Abstract 
A cold room assisted vapor-compression refrigeration cycle is dynamically modelled and optimized. The design parameters are 
evaporator pressure, condenser pressure, length, wall’ thickness and height of cold room, mass flow rate of refrigerant as well as the 
value of superheating/subcooling in evaporator/condenser. To find the optimum value of design parameters Multi Objective Genetic 
Algorithm (MOGA) is applied. Moreover three refrigerants included R22, R134a and R407c are used as working refrigerant in this 
system. Total annual cost (TACO) and coefficient of performance (COP) are selected as two objective functions. The optimum 
solutions show that R407c is the best refrigerant in both thermo dynamical and economical view points with 9148.2 $/year as total 
annual cost and 6.12 for COP. The optimum result of R407c showed the total annual cost improved 50.74%, and 8.68% in 
comparison with R134a and R22 respectively. Furthermore, COP improved 9.97% and 13.72% in comparison with R134a and R22, 
respectively. It is worth mentioning the optimum results reveal the compatible between two objectives, the coefficient of 
performance and the total annual cost (in maximum point of COP have minimum point of TACO). However by using R407c as 
refrigerant of system have the minimum area of cold room, the refrigerants R134a and R22 are in the next ranking, respectively. 
Keywords: Cold room assisted vapor-compression refrigeration cycle, Refrigerant, Multi objective Genetic Optimization, Total 
annual cost. 
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m

inve ev inve cold cond
mm m

evap com r
m

cold

C C C C

C C n A

n A n W n m

n V

= + +
+ + = +

+ +
+

& &
 (18) 

  

, 8760 / maxope ope com com ope t

el

C C W H
K

= = × ×
×

&
 (19) 

 8�t 	���M� ��n � m    �y��� 	y8 �y�  �yMb�� y7�X ; a�Ly�4-� <� ;� 

�� B��`���6 .
opeH  �

elK   O
y��3 �	�S7/ a�/�3 ���`� T��	� �8

�� ���	
��� �>�� ���L@ � C�3 �� T�	E .��6�8a ��   �yb8��)6-19( 

�� 3� �8	�< �b8�� <� �� 3� �S� ���L@ T�	E��� ]9[:  

)20(  
1 (1 ) ni

r
a

r −=
− +

 

 ��r  �ni  .��
�@ zR4
3� ,��< � �	48 G	�  

    �y���`� �� �y� �y��L@ ;��)5 ����	3 ;�@ 8�t 	���M�)18(   ���I
y3�

��67�X ��3� 	8 ���:3� ���� Q�_ �� ���<�8 �� ��F�� ;�@  

n= (748.6, 499.1, 233.3, 400, 295) 
m= (0.16, 0.16, 0.95, 1, 1) 

  

3 -L�; M(8FH�:83G +�;3��8��� � *F7 - 
    �	y�S7/ T�	yE V�y@ W8�� �� ��6 J�-�� m@��� ��(COP)  �

   ��y1  B�y�r7@ .O���� ��[�3 �S� ���L@ B�	y�=��  ��y1  � ��y���0: �

       ���yM� ��	y�� ,�y�	F G	y� ����9�	y3 ��=yE � H�I��� �D	/ �C�?

 �� ,�6 J	5 K� �� B�	y�=��     �� ,�y6 �	y3 ,���y� �  ��y���0:  �y8

 ,���/9 ��6 U�=
�� �>�	? 	
�����   ;�	y8 Qy�_ �� ��6 	�_ ���X .���

��6 �
 	5 	N� �� ;<�3 ���48 ����	 :���  

1.1pr >
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8 ;��� B
6�� �0� ��N�� � �����0:  �y���	  ;�	8 x�q� ;��� <� 	�[�8

:3� ��6 �
 	5 	N� �� 	�< ��X �m��0:  

2 ,max 10ambT T− >
 

       ;�y�� B�y8 C�y�X Qy8�X ;�y�� VR
y9� B
6�� ;�	8 B��	8 ��R/

B�	�=�� :O���� �� 	�< �b8�� �� ��X ���9�	3 ;��� �  

4 5T < −  

�yy0� ;�	yy8 �yy��4� ��  �yy��8 ���9�	yy3 a[�yy.q� yy�I�� ;���

       ���y�� \y�� B�y8 ���9�	y3 ;�y�� B�	y
7� � B�	
1�8oC 1.5-0.5 

:��6 �
 	5 	N� �� 	�< d8�b�  

max, 1.5coldT <  

min, 0.5coldT >  

  

4 -�	N�� E: O�)�FJ,8 
���48 � ;<����� ����	     yq� ���9�	y3 ;<�y3  Q�y6 �� O
���y0��2 

   By�� �S�y�� Q> J�5 �8 J�5 ���� �^R9 ��? �8 .3� ��6 ���� ,�1�

:3� ���� 	�< �� O
���0��  

  2y�
�P �y �@ ��: O
���0�� ;�@	
����� (MOGA)    ���y`� ,�yr7@

J�<���	���=� ���M� �m4F C�7
>� ��@   O�yN�� J�yu�� C�7
>� ����	5

��.���6 

1. �� ����� ����� �`7F � ��6�8 ���`�  ;�y@

�� B��`� 	�v
� 	@ ;�	8 	N� ����.��	5 

2.     �y7@ ;�	y8 �y@�	�� �����y�����	� ���9 ;

J�<���	� �@ ��3�q� y�� ) .��y6    J	y� <� ���y9 ~�	=
y3�

 ��L �EES  wyS
=� ;�@ ��1  � �@��� �� ,� ����� �� � 

 J�-�� � 3� ��6    O�
y6��� �� ���y9 �y� ;� ����q� ��

�1�� V)> ;<�3 ���48  (  

3.      	y@ ;�	y8 ���9�	y3 ;��y.
X� ��  ;<�����

�� J�-�� �>�	? ;�@	
����� <� ���I
3� �8 J�<���	�.��6 

4.     �� a�/�y3 ���y7� ;�	y8 ��6 	�_ ;�@����	 

�� B��`� V�@ W8��� � ��6 J�-�� C�3 2�.���6 

5.    �y� ��	y�� J�y3 �S>	� <� ����	8 B��   �y� ��y6

 �� ����<(MOGA) .��6 �	07@  

  

5- O��� 1�6/Q� �:83G - ���3( *�F�  

  �����y�����	� ��=8 �7��	� ��	�� O
��3 27� �8 ���9�	3 2�

���48 � ;<�����    �y��48 �y���	  .y3� ��y6 ;<�3    	4y6 ;�	y8 ;<�y3

   �y��8 ���9�	y3 B�� .3� �
 	5 J�-�� ,��	� ,�
3� �� WX�� ,�-�� �

�0� ;�	8 ;���500      2y� �y8 	yI� �� B�y�r7@ .��6 �>�	? T�3 B�

 z�	
I�� kW 4.17  a�� �8 ���<��3    �y� ��y� ���9�	y3 �� /�3-

   �5�y��� �	y3 G	� T�	E � ,���7?� T�	E B��r7@ .����1/1  �1 

 3�]8 .[ <� 	�[�8 ���9�	3 ;��� 	5�1/1  �6�8B�	�=��  3� B6��

 ���	5 �� ���9�	3 Q9�� ;�{  <� ��5 ;��� 	5� a��.��� 	�u �� .�	�

 <� 	
7� ���9�	39/0  ��6B�	�=�� �� (���9 .��6    

  

cycle evapQ Q= 0cycleQ =

cp mp

   
 E��2- - +���,�� E: O�)�FJ,8 O��� +��� ���(  

  

  

  

6 -R)��� - S"( 

6 -1 - �; *3=� �	0 +83( +��� ���( R)���  

    Q��y6 �	y�� \�y�R22, R134a, R407c, R245  �R123 

���48 ;�	8��6 U�=
�� O
��3 ;<�3���48 ����	  .���   �y��5��F ;<�y3

�7@ ;�	8       �y���� � �y>�	? ;�y@	
����� .y3� ��y6 J�y-�� �@�	�� ;

 C��F �� �@	
����� B�� 	�v
�1 .3� ����  

  

 D-��1-  �*-�"� - �:83G +�;3T�����U +  

�@	
�����  <�  ��  

 �� ,�	��	3 ,���� ,�L��

�����0: ( )subT C∆ °  
0  20  

 ��1 B�	�=�� 1( )P kPa  100  1500  

 ��1 �����0: 2( )P kPa  200  2000  

 ���9�	3 C�?L (m) 20  50  

���9�	3 ;�@����� ��=E  t 

(mm) 
50  300  

���9�	3 H�I���  H (m) 5  9  

���9�	3 D	/  W (m) 20  50  

 �� ,�	� J	5 K� �� ,�L��

B�	�=�� sup( )T C∆ °  
0  20  

�	�� J	F m (kg) 0.01  10  
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 ;�	8 2�
�P O
���0�� ;<�3 ���484000     y�`7F L��y3 � ��	y��

100n =    ,P my4F C�y7
>� �	I�0.045mp =   C	y
�� ���yM� �

��=�  ���	50.55c =    J�yu�� C�y7
>� �0.9cp =    ;�	y8 �y��5��F

 �[�8 �� ��6 	�_ �	�� \��3� ��6 J�-��.  

 m=8 �� ��6 ,��8 ���X �8 �F�� �8 �� 3� 	�_ Q8�X6-3   Qy. 

   ;�y@�	�� <� ���I
y3� �8 �3�	8 ���� O
��3 ;�	8 ;� ���48 \��
� Q�X

R245fa  �R123   V�yy@ W8�yy� �� �yy��48 \��yy
� .O�
yy6���COP  �

TACO  Q�6 �� 	0�� �	�� �3 ;�	83 .3� ��6 ���� ,�1�  

  

 E��3- ��=�+83( FH��� ���( + *3=� ��  R134a  , R407c - R22  

  

 ,�1� ��	� ���48 �4�F��  O
y��3 VR9	y8 �� �@�   C�y�� ;�y@

��5�	�� � ����	>�@]9�10  ;�	y8 O@ ���48 �bM� 2� ,��L7@ �[COP 

       T�	yE B�	
y1�8 �y� ;� �ybM� �� WyX�� �� .Oy���� ���L@ ;�	8 O@ �

�	yy�S7/ ) COP (   �yy��L@ B�	yy
7� Lyy�� �yybM� ,�yy7@ �� �Oyy���� ��

 ��[�3) TACO ( �� ��@�1�.��6  

�� �@�1� �B�� 	8 ��R/     ;��y� C��y3 B�	y
48 �y� ��6R407c  

 .3�R22   � R134a �8.����� ��	X ;�`8 ;�@ \�� �� T��	�  

Q�6 	�<   �y`��b� ���� ;��� C��3 B�	
48 ;�	8 ��	� ���48 �4�F

(R407c)   �� ,�1� �� Q�6 �� �� ��b��7@ .�@�4  �y� ����  ��y6

 ���M� B�	
1�8COP  �8 3�	8�	812/6     ���yM� B�	y
7� �y� ���> ��

TACO  	8�	82/9148 .3� C�3 	8 �[�  

��E4 -  ��=� ) *3=� @)3��( +83( FH��� ���( +R407c (  

  

  

6 -2 - ���( E:  

     <� ���I
y3� �y8 �y� ;��y� C��3 	@ ;�	8 V�@ W8��� ���48 	���M�

����`�;�@)16) � (17 (�� ��3�q� C��F �� ����62   �� .y3� ����

 	���M� C��F B��COP     ��y6 U�y=
�� ;��y� C��3 B�	
48 ��3� 	8

R407c  �R22    � R134a   Ty��	� �y812/6 �51/5  �28/5   .y3�

 	���yyM� B�yy�r7@TACO   Tyy��	� �yy8 �	yy�� �yy3 ;�	yy82/9148  �

4/9612 �3/9942 .3� C�3 	8 �[�  

  

 D-��2-  +�;*3=� +83( L�; M(�H -* �)��� ���( 3)*�C�

.	�/�  

 a�`��b�

;����  
R407c  R22  R134a  

  �	�S7/ T�	E

( COP )  
6.12  5.28  5.51  

 Q� ���L@

������3 

( $/year)  

9148.2  9942.3  9612.4  

  

�� ,�1� ���48 Q> \��
�  ���I
y3� �8 �� �@�R407c    ,��y�/ �y8

  �;��yy� C��yy350.74%  �8.68%   ���yyM� �� ��yy�48TACO  ��

   Ty��	� �y8 	0�� ;��� C��3 �� �8 ����M�R134a  �R22   .O�
y6��

  �	yy�� Byy�� <� ���I
yy3� B�yy�r7@ (R407c)  O
yy��3 ��97/9%  �

72/13%  	���M� �� ���48COP      Ty��	� �y8 �	y�� �� �y8 �y���M� �� �

R134a  �R22  .���� ��  

         ;�y@	
����� �y��48 ���4� 	���M� [�8 ����	  B
 	5 	N� �� �8

 C��F �� �>�	?3  .3� ��6 �����  

  

 D-��3- � ���( 3)*�C��.	�/� +�;*3=� +83( �:83G +�;3��8�  

;���� a�`��b�  R407c  R22  R134a  

 ,�	��	3 ,���� ,�L��

 �������0: 

( )subT C∆ °  

0.9  5.8  3.7  

 ��1 B�	�=�� 

1( )P kPa  
449.9 406.08 231.2 

 ��1 �����0: 

2( )P kPa  
1100.0 1100.0 661.4 

 ���9�	3 C�?L (m) 27.40 23.76 28.35 

 ;�@����� ��=E

���9�	3  t (mm) 
24.70 28.44 23.63 

���9�	3 H�I���  H (m) 8.83 8.89 8.95 

���9�	3 D	/  W (m) 50 50 50 

 ,�	� J	5 K� �� ,�L��

 ��B�	�=�� 

sup( )T C∆ °  

6.6 2.0 20.0 

�	�� J	F m (kg) 0.244 0.322 0.244 

  

���� �8 �F�� �8 C��F ;�@3  Q8�X 	�< �����:3� ,��8  

5.2 5.4 5.6 5.8 6 6.2
0.9

0.95

1

1.05

1.1

1.15
x 10

4

COP (-)

T
ot

al
 c

os
t 

($
/y

ea
r)

 

 
R407c
R22
R134a

6.123 6.1235 6.124 6.1245
0.9

0.95

1

1.05

1.1

1.15
x 10

4

COP (-)

T
ot

al
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t (

$/
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• R407C     ,�	y� �	y3 ,���y� ���M� B�	
7�  ��y���0: �

       �	y�� �� �y8 �y���M� �� �� �y��	q8 ;�y�� ���yM� B�	
7�

R134a  �R22 .���� 

•  �	�� �8 �� ����< O
��3R407C �� ���  B�	
y1�8 ���

 ��1 B�	�=��  ��1  � �����0:   C��y3 �� �y8 ����M� �� ��

.���� 	0�� �`��b� ���� ;��� 

• 8 O
��3  ;��y� C��3 �R134a     K� �y� ���yM� B�	
y1�8

 ,�6 J	5B�	�=��      �� �y8 �y���M� �� �� �y��	q8 ;�y�� �

 ;��� C��3R407C  �R22 .���� �� 

•    ;��y� C��y3 �8 O
��3R22    G	y� B�	
y1�8

   �y`��b� ���y� ;��� C��3 �� �8 ����M� �� �� �	�� ,��	F

.���� 	0�� 

•  <� ���I
3� �8R134a    ;��y� C��y3 ,���/ �8

  D	yy/ B�	yy
7� � H�yyI��� � C�yy? B�	
yy1�8 O
yy��3 ��

  By�� .O���� �	0�� ;��� C��3 �� �8 ����M� �� �� ���9�	3

    ;��y� C��y3 �� �y� 3� ���> ��R407C  �R22   �y8

.����� �� C�? � H�I��� B�	
7� �T��	� 

•  ;��yy� C��yy3 �yy3 	yy@ <� ���Iyy3� �yy8 O
yy��3

R134a �R407C  �R22 M� 2� ;�@����� ��=E ���

.���� �� ���9	3 

•   ;��y� C��3 <� ���I
3� �8 B��r7@R407C 

  ���9�	y3 2� ;�	8 �� ��8 	�< >��� B�	
7� �O
��3 ��

.O���� 

  

6-3-  ���5*3� +��* - �)��3� ��( ��>�� 183TH  

    �y���`�) ���9�	y3 ;�y�� 	�N� <�� 2� �� �@	
����� <� �9	8 a�	��v�

8 ����`�) ���9�	3 ����	3 ��8 �(9     C��y3 �y3 ;�	y8 x�yq� ;��� � (

 �� �`��b� ���� ;���12  Q��� ��? �8 �� C�3 ��� ����6 �3�	8 B��

 \��
�  ;�	83  C�3 ��� ��Q�6;�@5  ��7       .3� ��6 ���� ,�1�  

m�� �� ��b��7@   a�	y��v� �y8 ����	3 ��8 a�	��v� ���8 ��6 ���8

 ��8 �� 3� B�� �,� Q��� � .3� ,���� ���	M� x�q� ;��� ���y�	5 

  ) ���� �0
y�8 ���9�	y3 ,��� � ,�	�8 ;��� VR
9� �8wallT∆  ��

`����� ;�@)9) � (10(     y6�� �yF�� �y
�� B�� �8 ���8 .���� �0
�8 (

 ��y� �� ���9�	3 �
/�3 ;��� �8 x�q� �
/�3 ;��� VR
9� ��  ;�y@

  ��y� <� 	
y1�8 ����� �� x�q� ;��� B�	
1�8 �� J	5    C�y3 �	y3 ;�y@

      By�� ��) C�y3 J	y5 ��y� �� �y�� VR
9� B�	
1�8 C�g� ��? �8 .3�

 T��	� �8 �(���	46 ��� m@���13/32 �99/31  �15/32   ;�	y8R22 

 �R407C  �R134a    �	y3 ��y� �� �� 3� ���> �� B�� ���� ��F�

  Ty��	� �8 �� ��� VR
9� B�	
7� (��I3� m@��� B�� ��) C�382/0  �

82/0 �81/0 ;�	8R22  �R407C  �R134a .O����  

   <� 	
y1�8 ���9�	y3 ;��� �� ����< �3�	8 ���� O
��3  ��1/1 

 �F������S3  �6 B�	y�=��   �y� By6��    x�yq� <� �� �y�	5 � ��y6

�� U)F ���9�	3    <� 	y
7� �y8 ���9�	y3 ;��� 	5� � ���9/0   �yF��

����S3  ��3�B�	�=�� �� (���9  �y3�	8 �8 .��6  �y@����7� �y�-

��� �� �� �	� ��@�1� ,���   ,�y6 By6�� a�` � ���`� C�3 J	5 ;�@

B�	�=�� ��� <� 	
1�8  �
/�y3 a�	��v� B��r7@ .3� C�3 �	3 ;�@

  �	y�� �� ;�	8 ���9�	3 ����	3 ��8 � ���9�	3 ;��� ����7�R134a  

 �R407C   	���yM� �� 3� B�� 	?�=8 B�� � ��
�@ O@ ���6lossQ 

 �coldT       	y�_ �yS� ����y� .�y���� ;L�:�y� VR
9� �	�� �� B�� ;�	8

Q�6 �� ���5��F a��^ �8 ��6.3� ��6 �3�	8 	�< ;�@  

 
 (w��)  

  
(~)  

  
(�)  

E�� 5-  ����5*3� +��* ����5*3� �)��34 ��( ��>�� 183TH

 �8 �-� �) DFG �* ��
��9� 3�� +��*6 D�� ���  XH3H �(

 �*8*3�(?) � �@)*�-39(.,8)) (�)(@��(   *3=� +83(R407c   
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(w��)  

  
(~)  

  
(�)  

E�� 6-  ����5*3� +��* ����5*3� �)��34 ��( ��>�� 183TH

 �8 �-� �) DFG �* ��
��9� 3�� +��*3  D�� ��� XH3H �(

 �*8*3�(?) �@)*�-39(.,8)) *3=� +83( (@��( (�)R22   

  

  
(w��)  

  
(~)  

  
(�)  

E�� 7-  ����5*3� +��* ����5*3� �)��34 ��( ��>�� 183TH

 �8 �-� �) DFG �* ��
��9� 3�� +��*3  D�� ��� XH3H �(

@)*�-39(.,8))  *3=� +83( (@��( (�) �*8*3�(?) �R134a   
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