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Abstract 
In this study, a solar assisted heat pump dryer with in direct model of evaporator- collector has been evaluated. The effective output 
parameters of the cycle are the coefficient of performance and the specific moisture extraction rate. In addition, the influence of 
different factors including condenser temperature, relative humidity of ambient air, slope angle of collector and temperature of 
evaporator on these parameters have been studied. For calculation of absorbed heat radiation in collector, the existing average 
temperature and the average daily radiation on a horizontal surface has been used. In direct expansion cycles, the absorbed heat by 
the collector in the evaporator case, vaporizes liquid refrigerant phase in the saturated gas phase. In this system, evaporator element 
is collector case, as well as the coils of evaporator. An element of collector can be used for two purposes: the first one is the 
absorbing heat and increasing temperature and the second the ability to be used as evaporator. In this study, a flat collector is used to 
absorb heat. The purpose of this study is to investigate promoting thermodynamic operation coefficient of entire cycle and humidity 
separation rate. The results of this study is capable of being evaluated for average radiation rate of Birjand, Tehran and Shiraz. This 
study also can be used for different refrigerants. The results show that the coefficient of performance of R134a refrigerant is 24% 
and 20%higher than R410a and R407c respectively. 
Keywords: Heat pump, Dryer, coefficient of performance, moisture extraction rate, solar energy.  
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1 direct expansion solar assisted heat pump(DX-SAHPD) 
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  �	��� ��� .-� ����	; ?@� �F�0� b�� ��1 g�	��^� ����@�R134a  ��

 D�� A�� �����-)DX-SAHPD   �F�S� �� 6���	M e�; �� 7��1 �F �(

 e���� ��I��	B   .�����  
  

2-2-  7�� F�*&R�)��&:  

     ����� 	��I ������ ��  ���1��9 ���� �F �:��� e�� 7�	F �� ����:	 

.-� ��2  

-  � ����	���� �M�	9 �������5N   ���]F Q��	� �F �	��  {� ���

 j	B 7��� a`
9� � D��2� ��]F ��; D��2� ��0  6�@1 �F) °C 56���� W��� � (    W���� ���; D��2� ��0  6�@1 �F) �	-

 7��� a`
9� � D��2�°� 5 .��2 �� �
 	B 	\� �� ( 

- �O� ����	  ��-	t@� ��    �	��� 7�	�F � .���	�R134a   ��F

 .���	� �O� 7�@�106/1  ��2 �� �    C�1 �����	   {���
9� 	

�-� �t��
�]13[  . 

-   ���0   � I� � <��P ����	; ?@� n�bM� �F ���_�� 7�1 ����

  .-� ��2 	\� 	4 �1 ���� �� 

- .��� �� U@P ���� Z��	2 �� ����	; ?@� 

  

2-3- �23 F�*&R 89  

- ��
�1 <��P A� .09 �\Y>� � ��1 7�1 ����. 

-  Z��	2�l�>�  � 7��	B���� .-� F�K ��1 

- ���� Z��	2 �� A� .09  Z�>� ��0  �-� 	�Y@�� .�. 

-    Z��	�2 �>� 6�	� .09 ����	  X����
�    	�1 �� � �-�

X����  F�K 	� X��; Z9 7�� ����I.�	�B �� j�8�� ]14[ 

- .���� ��M� e�_>� � ��1 A�F ����� e��3� 

- F�S� �� 7���� Z��	2 ��I      ��M�	9 Z��	�2 �F��0� ��=�H�

       ��F ��=�H� A�� .�09 �� ���1 7���� Z��	�2 � A� .09

 �M�	9 Z��	2�����5N   .-� 6���� 

   .�09 e���	�I ��- I� ����	; ?@� A� .09 �:��� e��   �A��

?@�  ����	;� �	�O@P Q�	:�  �� gi��3� 7��=F   � j	�M 7E	���  ��6� 

��2 ��P�.��	B �� U��0� �      �����	���� n�b�M� U���2 �����	; ?�@�- 

�������	B ���-	t@� ������5N ���� � A���� -�  .  

  

2-4- 89 �23 �% �MR���9 �� FG%�H�  

.09 �\Y]� �� j	M e��3� ����3�   ��lF�� �F <F�l� C�)1(  A���3�

�� .��2  

)1(  m� ��W	
 � W	� � m� 	 � m��M�� � M��100θ�  

 ��� θ�   .�09����	  6����I D��@8�  �6�	���m� �  R��1�  6����	M

 �����K 	F j	B�O�� Q�; 	F �	�� ��	MMr��  �Mr��   �F�S� 7��
>�

        ��M�	9 � 7���� �� .�09 X���; 7���� ��4�� Q��; 	�F ����3�

.09  �  A�m� �� ���- �� 	\� ���� ���� j	M �2�F]14[.  

������ � ��� !"# � ��$���%� �����& � ��& !"# � ��$���% )1(  

 ����3� I� ��1 �t��
�� ��-�>� 7�	F A��d@1)3 ( ���Y
-��� .��2  

)3(  h � c��t � W 2501 � c�-t% 

}������  7���1di �do  ���@��2 ������3� ��)2(  � 7���� ���F [���F	�

.09 �M�	9  �A�W  ���1 <Ol� F�S�t   �A���O� �M�� Q�; 	F ���

m� .09 �� ���� j	M ���=�   �A�m� �  �m� 	  R��1�    ���	M 6���	M

 � ��1R�1� .09 I� F�S� 6�2 ��M     Q��; 	�F A��kg/s   .��
��1

 7�1 }����co  �ci  � cs �M�	9 �F [�F	������5N ul- � ��1 7�	F 
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�����5N -�    gi���3� 7��1	
����� I� �9	F2  �3   e���M ��1   	��m

 -� ��2]15[.  

  

 S$��1- ) �Q%�H� �% U,�H� $ %,�,� ;�0&M�.���3(  

�.�A�  �E.$  %���  

008/1  
kJkg. K c�� 

7367/1  
kJkg. K c�- 

2501  kJ/kg h�4 

  

2-5- 5�,6� S�� .%4  

  7���1 A�F 7E	�� � j	M e��3� ��-� 	F ����� �� ��I F�S� e��

 ul- � 6��	M e�;�������� A�  ����	B) �lF�� Z-��4 ( �F   .��� -�  

)4(  m56� m� ��1 � BF�w	
 � w	6:; 
���� BF  }�����	�I � �X���03�� ��
���� dehs  ul��- ���F [���F	�

F�S�   .-� ��I  

)5(  
Q	6: � m� ��1 � BF�h	
 � h	6:; � m56h56� mrwater�H@ � HA� m� ��h	6:
 � h	
 

 ����3� ��5� Q	6: 7��	B F�S� ��2 W � ���Ih    6���	M �t��
��

���1H    � (X�) j�� �	��� 6��	M �t��
��m56  R��1�   6���	M  ���	M

F�S� ul- I� ��2 ��M F�S� .-� ����K 	F j	B�O�� �;�� �F ��I  

  

2-6-  �,�&W�9 FG%�H�  

) �lF�� Z-�� ��-	t@� � 	_� 6���6:��	B �� A��3� (  

WB
�� � m� C�HD � HEηB
��  )6(  

��  m� C  R�1�  ��	�� ��	M 6��	MηB
��   � ���-	t@� �1�I�F

H �lF�� �� � �	�� �t��
�� )7 �(η-    ����-	t@� ��@8; �1�I��F �VD 

�F�M    � ���-	t@� ��@8; ���MνCE      ���; �� �	��� r��_]� C�8;

 ���@22  (F�K ��-	t@� ��� �� ) U�2 �F <F�l�1 -�.  

)7(  m� C � η-VDνCE  

     I� ���-	t@� � ����	���� ��M�	9 �� �t���
�� a`
9� ��-�>� 7�	F

 �lF��)8( �� ���Y
-�  �� ��2 n �O� 7�@� ����	  .���	� -�.  

)8(  ∆H � pE νCE L nn � 1N OPpQpERSTUS � 1V 
  

 2-7-  FG%�H���	Q�X?  

 e�� �����5N � ��2 U=
�� 7E	�� ���F T�� 7�	F R��1�   6���	M

 7�1 U��� �� e��- ��	M�����5N .��� �� ��� �F  

)9(  QB � mC�HW � HD � Q6-� � WB
�� 

7��	B �
 ����  I� ��1 Z-�� �lF��)10(  .-� ��-�>� UF�H  

 �lF�� ��)9( QB  �� ��2 U=
�� g��	;�����5N �� .�2�F   A��� ��

�9	N  ����	  �{��
9� .-� ��2 �	  F�K �t��
�� �[����� 	�2  

  

2-8- �,J.&�.$. �� K,�&� FG%�H�- ����$1%&:  

 e���������	B -        ���� ��F �����	���� 7���� A��@]� 7�	�F ����	����

��  .���  7�	F  7E	��� �F [�F	� C/� 7�1	
����� ���F 	
����� A�� ��-�>�

7��2��9 ���� �  ���1 7��� ����� ����1 � X� 7�1    .��2�F �	
�-� ��

 ���������	B -    �-� 	
�0�F �	��� 7���� I� ��1 7��� i�@3� ����	���� .

�F�M 	
�����  ���M �� �� ��-	t@�) �lF��7(  7�1	
����� nbM ���2 6��F

 U; C
���5�� 7�����F ��   ��F e���3� �	�� Z-�� ��2 X'M 7E	�� .�2

 7E	�� U:�Y��0F��  � ��2 X'Mg�YO�   �����	; ��������	B  � ����F   ��F

) �lF��11( �� 6��F .��2 ]13[:  

  

2-9-  %&���' ()&* FG%�H�  

   7	
������ 6����P >� ���� �� F�S� 	�]�� ����	  h�	3� �F ��F

 j�� �F1SMER �� h�	3�  ��� �� ��2R�1�     ���M �F�S� ���	M

    ��F 7���� ���� U�� �F ���� I� ��2  ������- .�-�   �����3�)12(   ���>�

���� 6���0� �� 	
������� A���� ����-�>� .���1�  �	���O@P Q�	��: A����d@1

 ����������	��9	N  	
����� �F2COP       �����3� <��S ��� ���2 A���3�

)13( .-� ��2 ��-�>�  

)12(  SMER � m5	WB
�� 

)13(  COP � Q]WB
�� 

  

2-9-1- ;.&� ���9 $ ��	� 5�,6� FG%�H�  -E�3&?   

   Z�F��� I� 7���� 7���� <Ol� F�S� ��-�>� 7�	F)14 (  ���)16( 

�� �
 	B .@� .��2 ]16[  �lF��)14 (�>� 7�	F   D���2� ���]F ��0  ��-

�F 7���� .09 X��; 7��� ��     <F��l� �����3� A��� Q��	: � �
 � ���

 e��M -� A�� �� ).�lF�� (-� A��O� Q�; 	F ���.  

)14(  ln�P;	 � CUt	� � CE � CDt	� � C_t	�E  

�C`t	�D � CWt	�_ � CQln �t	� 
 

 
 S$��2- �� ().&*  �% �MR� ��9) �Y�.�14(  

C2=2.074E+00 C1=-5.6743E0+3 
C4=6.221E-07 C3=-9.677E+03 
C6=-9.48E-013  C5=2.0747E-09 
C7=4.1635E+00 

  

)15(  P	 � RH × P;	 

 �lF�� ��)15�( P	     � �-� .�09 X���; 7��� ��]F �qbM ��0 

RH .-� ��1 ���� F�S�  

)16(  w	� � 0.622P	101.325 � P	 

 ����3�)16�( .09 7���� �� <Ol� F�S� A��3� 7�	F �F A�  ���

 .-� �
 � ��0    ��F <F��l� D��2� 7��� � 	� X��; 7��� �� ��]F D��2�

�F	�I gi��3� �� -� .���� ]14[:  

                                                           
1 specific moisture extraction rate 
2 coefficient of performance 

)10(  QB � m� � c�� � w	�cd-%�tB
 � t	6:
 

)11(  e� f�gE � gW � h$ijkfE �gE � gW
� lmno p � qr�sE � s�% 
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)17(  
P;5
� P	��1555.56 � 0.722t5 � 101.325�t	� � t51555.56 � t	� � 1.722t5  

�� t5  � 	� X��; 7���P;5  D��2� ��0 .-� 6�    

)18(  

t;
� 6687.84850.10987 � ln�P; � 4.655564 ln�t; � 273.15� 273.15 

 ��t;  7���  � D��2� �M��  Q�;	F����O- .-�    

)19(  C:x� � 1.005 � 1.88w	� 
 �� C:x� ���� 7��	B ��17  X�S	� � ���F    ��F� ���-�>� 7�	F

��1 ��	M6��	M 7 �
 �� )�lF�� I�20( �� ���Y
-�  .��2  

)20(  m� � � m	 h�4c����t	� � t5 
)21(  w	6:; � w	� � BF w	
1 � BF  

����3� �� )20( �t5  .�09 7���� Z��	2 �� 	� X��; 7���   A��

�� �2�F. �lF�� ��)21( � w	6:; F�S� ul- <Ol� F�S�   .�-� ��I

   �F�S� ul�- X� ���]F �qbM ��0   ��I <��S   �����3�)22 ( �F �  �-�

�� .���  

)22(  
P	6:;
� w	6:; × 101.3250.622 � w	6:; 

F�S� �M�	9 7���  �lF�� I� ��I)23(� A��3� �� .��2  

)23(  t	6:
 � t	6:; � BF�t	
 � t	6:; 
)24(  tB; � t	� � BF × t	6:
1 � BF  

�lF�� �� )24 ( ul- 7��������5N .�2 �1��9 ��-�>�  

)25(  s̀ � �oy � 5 

 �lF�� ��)25(�  �	  °� 5      @��H�� �	��� 7���� A��F a`
9�

 ul- � j	B �����5N��2 ��>�  .-������ ��  C8; �F [�F	� gi��3�

 �F �	�� 7�	F D��2� ��0  � �t��
���r�_]� Z�F��� )26 (  ���)28(   6���F

�� �2 �� .� �lF��)26( T  ��� ���@2 �lF�� �� Z=  }���� 6��F)   ������

 �� ����	���� 7��������5N �2�F ]17[  .  

)26(  P; � exp LaU � aET � aDN
1000  

 7��� ��-�>� 7�	Fj	B�	  ����	���� �� �	��- �������	B    �	�  ��F) 

°� 5   �	��� �t��
�� ��
F� (��0  6�@1 � D��2� ��]F ��; �F ��� a`
9�

 ����3� <�S �� D��2� ��]F ��; ��)27(� �� -�F ��� .  

)27(  HU � a@ � aATE � aU|TEE � aUUTED � aUE1000  

�� e�;     �-�F �� �����	���� ��M�	9 �� �	�� �3H�� ��; �t��
�� 6���

 .����  ��; A�� �� ��� a`
9� 	B�∆TETU � 5°c :C���� �2�F  

)28(  
HE � HU�1 � bU∆TETU � bE∆TETUE � bD∆TETUTU� b_∆TETUE TU � b`∆TETU TUE� bW∆TETU E TUE 

 ��HE     �	��� r��_]� C�8; ���F �3H�� ��; �� �	�� �t��
��

���� e�  ����3� I� ����	���� �M�	9 ��)29 (A��3� �� .��2  

)29(  
νCU � exp PaUD � aU_TU � 273.15R

× �aU` � aUWTC6 � aUQTC6E� aU@TC6D  
 e�; r�_]� F�S�  ��3H��  ) ��lF��  Z�-��30 ( �   �� �	��� �t���
��

�����5N ���� ��; ��  <F�l� e�) �lF��31 ( �� ��-�>� .��2  

)30(  

νCE � νCU�1 � bQ∆TETU � b@ ∆TETUE � bA∆TETUTU� bU| ∆TETUE TU� bUUTUE∆TETU� bUETUE∆TETUE  

)31(  H` � a_ � a`TCB � aWTCBE � aQTCBD1000  

r�_]� C8; a`
9� 	B� �3H�� ��; ��   [��=� 5  �6   U��2 ��

∆ν ��2�F  I��lF�� )32( �� ���Y
-� �3H�� �t��
�� ��-�>� 7�	F ��2.  

)32(  H` � H_ � P_∆ν 
  

 Q��	:ZF��� 26 ��31    7�	F R134a e��M �� 3  	�m.��2 ��   

 
 S$��3-  �O���� ;.&� �6,�&� ().&*) Z�.$�26 �J ()31( 

~D=246.61 ~E=2201 ~U=21512 

~W=1.706 ~`=1335.29  ~_=2E+05 

=606.163 ~A ~@=249455 ~Q=7.67E-03 

~UE=149048 ~UU=0.018  ~U|= -1.056 

~U`=1.013  ~U_=2669 ~UD= -12.45 

~U@=-3.22E-07 ~UQ= -9.25E-06 ~UW=1.067E-03  

�D �9.26E-06 �E �1.68E-06 �U=3.48E-03 

�W �1.21E-09 �` �1.70E-07 �_ �-7.69E-08 �A �2.58E-05 �@ �-3.96E-06  �Q �4.78E-03 

�UE � -5.4E-09 �UU � 8.57E-07 �U| � -1.85E-07 

  

2-10-  �O����\��J  Z�,J ��� ]^�����$1%&:  

 ������ ���F T���������	B    �� ���2 X'�M 7E	�� �F ��������	B 

  Z��-�� �>Y��4 ���F ����2 �����F���	  7E	���� I� �
@���H  .���� �5
���F

�������	B �� X'M    � �7���0
�� �C�=
��� T]F �- �� ���=� A�� .��2

�� C��=� A��I ���3��     �� h�O
]� 7�/
P��- 7�	�F A5@1 e�� .��2

�F T]F A�� �� ���  ����3� �
��/� .���)33 ( 6��F 7�	FTF��   ���2 X'M

�� ��� �F .���  

)33(  
S � I�R��τα� � I	�τα	 P1 � cosβ2 R

� ρ4I�τα4 P1 � cosβ2 R 

 �lF�� ��)33�( I  ���=�TF��   ��]�0� P��- .� 7�	F τ   ����=�

 T2�� 7�	F ���P Q�	:�������	B� α  �>Y4 7�	F X'M Q�	: ���=�

�������	B� ρ4  � A��I ���3�� Q�	:β  Q�2 ����I ��������	B   .�-�

 }����b  j	� 7�	FTF��  }���� �C�=
�� @�H 7�	Fd    @��H 7�	�F

 }���� � �0]�g �F A��I TF��I�F @�H 7�	F ��� ��� ]18[  �]19[.    

  

2-11-  _�.,J -E DM)�,XQ.�)�
�  

 ���/� C
��5�� 7�	F 7���� 7�1	
�����I� ������P  ]14[  �]13[:  

- ��1 ���� F�S� � 6�	� .09 7��1 7��� 

- �\Y>� �� 6�	� .09 7�	F 	\� �� ���� ���=� 

- ��� F�S� 7��
>����/�� ����� e�; �� � 

- 6�	� .09 6��I D�@8� 

- .-� ��2 6��F C���5�� U; g��:	  7�3F j�B �� 

-  7��� a`
9� �	 5  �M������O-    ul�- � �	��� A�F

������ ����	B A� �� )�����5N( 

- 0BI�F �F X�30�� ��
��   7	�'� A��F �O� ��; �� ��11/0 

 ��2/0  ���=�)2/0 (�2 �1��9 X�]
�� 
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-  ������ ��-	t@�85 .��2 �� �
 	B 	\� �� �4��  

-  ��-	t@� �@8; �1�I�F9/0  	\� ���� �
 	B  .��2  A��� )

   ��O� 6���� � ���0  ��� I� ��� I� �3F�� 	
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