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Abstract 

Metal hydrides can be used for ambient cooling and heating because of their exothermic and endothermic reaction with 

hydrogen. This is the first attempt to investigate the cooling capacity of compressor driven metal hydride heat pumps 

(CDMHHP) using a two-dimensional model. In the last studies, only one-dimensional models have been used for studying the 

application of CDMHHPs. The simulation results have been compared with experimental results and a good agreement have 

been observed between them. Then the effect of compressor type and hydrogen adsorbent on the performance of heat pump 

have been investigated. The results show that the device efficiency significantly depends on compressor performance and 

using the two-stage compressor can improve the device performance compared with one-stage compressor. Also the use of 

LaNi5 and C5 alloys showed more cooling power in C5 alloy in the same operating condition whereas it takes more cost. Since 

the power consumption was equal to both alloys, the heat pump containing LaNi5 alloy with tree times larger compressor 

could generate the same cooling power provided by C5 alloy. 

Keywords: Heat pump, Metal hydride, Simulation, Finite volume.  
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1 Metal Hydride Heat Pump 
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 9�� �� .���� 0��� 9���� ��� ��
��� �. 
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��� �� ����&� ��!+ 9�. SY
G� 
��E
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1 Crossed van’t Hoff 
2 Coefficient of performance 
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3 Compressor Driven Metal Hydride Heat Pump 
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��� 	- 3�� 0� 3���H 3��- 3�	. ��  I�R
�� b[7� �[" � 2� 

3 .
"� ��  ���� )�!�  

 0� 
���7� B�7
�� ��	/ (4+ ���. 3 �. ��
��� 2��� �����"� ����	/ 

3]�. . �]�$&� �� �]�+ �� � O� 0� ��
��� ���)� �- �� �
G�"���  

S	' 	5� �  � 0� 9�� �� ����K 3 �K��G �� ��
��� �"��- �4{�� �� 

	5� �
+	/ ��!� .
"�  

 

2 -3-  I J'� F�A5�1 ?K&�L���',  

3�	. B�� 30�" B�7
�� ),����- 0� 0�+  �� � (ICK��) 0�/ �. ���K

0�/ 0�+ �. ���K )ICK (�� )��� 0�  ����&��%
"��� ���<
"� �	�. ����&� 

�%
"��� 3�	. 0�+ 0�/ D���H 
"� 0�:  

�� ����&� )2 �(X� D�  1���� ICK�� �� ICK �),����- gρ 

���%Z �),����- U

� ���	. 
H	" 0�/  �ε 2R4R� �� � �. .�� 9�� ����&� 

�� )��� 
H	" 0�+ 0�/ �� �. ���<
"� 0� )���; �"���1 �� 3�	. =�8� 3�- 

2R4R
� ���' 
"�  g�E 	.��!+ 9�(%��K �	� .����&� X�
���� �. 

���<
"� 0� )���; �"���  �. D��' ����&� )3�� ( � �..  

 

 
B�� 2- �
6� �& ��� �&�!5�1 *�+ ���	+*4��  

 

 
B�� 3-  *I� 41 1.+ �.6( MNA� ON� P�Q5�1 I �+�.501� R���
> �. �

�.501� '+  

                                                           
1 Darcy 

)2(  ϵ ∂ρ�∂t � � ∙ �U

�ρ�� � �X�  
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)3(  U

� � �κμ�p 

κ J�<� 3	�C�1  �� =�8� 2R4R
� .
"� �� ) ����&�2���%Z ( 0�+ 

0�/ �� (�� �� )��� �. ���<
"� 0� ����&� 0�/ ���� B�  g�E 	.��!+ � ��� 

9�(%��K �	� .����&� 0�/ 0�+ ���%Z D���H 
"� 0�:  

)4(  ρ� � M�pR�T 

�. �K���C%3 ����&�3�- )3) � (4( �� ����&� )2����&� ( �%
"��� 

	. g�E ��!+ � ��� 2'�E �� ��  .�[.�� )5����&� ( �%
"��� �� �� 

9�� 
��E )�!� �� �-�.  

)5(  
εM�R�T

∂p∂t � εM�pR�
∂∂t  1T" � κν� ��p � X�  

�� ) ����&�5�. ( 1��(+� � �� 1-�� ��� 
K(� � ���%Z �. D��' 

)���� 	%���� 	��s� �� ���� .0� 9�� �� 
K(� ���
��� 0�+  �0�/gυ 	��s� 

�����Z �
 ��� � �� D��"�8� 
.�M |	+ �� �� .  

D�  1���� ICK�� � ICK �. ���<
"� 0� ����&�3�- �a��� ��  

="�� 	��� � ] )����$-15�  ��"�8� [=.��� . )6( ) �7����&� ( 3�-

 g��	� �. �� 1���� D� ICK�� � ICK 3�	. )�!� ),����- �� ��-�.  

X� g�E 	.  kg/m3s �� � �.. sρ ���%Z 0�+ ���K )�����- 3(4+ (


"� � ���7� )� ="�� ����&� �%
"��� 3�	. 0�+ ���K . �
"� �� ��� 

�� D���H 
"� :0� 

�� ����&�3�- )6) � (7 �(peq ��!+ ����&� ),����- 
"� �  3�	.

 ,����X����
�]-) 2���LaNi5 () ����&� ="��9�� ��"�8� ( 9�� �� .�� 

 ����&�n  ICK ����	+ 3�	.7  ICK�� 3�	. �9 
.�M .
"� 9�� 3�-

 ����&�)����$- � ��� ="�� ]16[ .
"� ��  �a���  

) ����&� ��9 (
$
% �$�� 
���2 ���&� ="�� � 
"� (4+ �. ),����- �

)10( �� ��"�8�.��  

) ����&� ��10 (Mm  �MH  � IJ�K ,���� ������� X	K g��	� �.

�� ),����- �$�� X	K.� �.  

 ,���� 3�	.Ti0.95Zr0.05Mn1.48V0.43Fe0.08Al 0.01  3��W� X�� �.)C5 (

����&� ="�� ����&� ��!+) 3�-11) � (12 3�-����	+ 3�	. g��	� �. (

��"�8� ICK�� � ICK �� �� . 
.�MD]��&� 9�� 3�-  ��	.	- ="��

)����$- � ]17.
"� ��  �a��� [ 

                                                           
1 Permeability 
2 Atomic ratio 

�� ����&�) 3�-11) � (12 (ωH 
��� ��	K ),����- �. �����- 

3(4+ 
"� � ="�� ) ����&�13( ��"�8� �� �� . 

 )13(  ω$ � �ρ' � ρ()*�ρ'  

 6�78� 9�� �� 3�
"�� �� �-��
��� 3�� 0� ��- )��	K �. �K�� �.

��
��� 	- B�P  2� )2-��- 3��� 	��s� � (I B�P �� 	-  ���
���

	��s������ D�  �	��� 0� � ���. �K�� 2.�; ��
��� L�&  � B�P 3�
"�� ��

.
"� ��  ���<
"� 3�&. �� B�� *� 0� 3�	. 
"�. )���� b�0�� ��� 

�� �����- ��
��� 3(4+ 0� )���; ��7. 3,	�� ���<
"� �  � �. |	+ )���� 

)��. 3��� 0�+ ���K � 0�/ �� 	- ��58� ����&� 3,	�� �
 �� � . 9�� 

����&� 3�	. =�8� 2R4R
� D���H 
"� 0�:  

)14(  

�ρC*�( ∂T∂t � �ρC*��U

� ∙ �T � λ(��T 

�X� -∆H � T�C*� � C*'�.  
�� ����&� )14 (���-	
����� �� �. O���	�0 e 1��$� ���� ��  ��� 

="�� ����&� 3�- )15 (� )16 (3�	. 	
�. 2R4R
� ��"�8� ��� .  

)15(  �ρC*�( � ερ�C*� � /1 � ε0ρ'C*' 
)16(  λ( � ελ� � /1 � ε0λ' 

λ ����	/ �����"� 
"� . B��K1 t��G 	���7� ���(�+ ���<
"� 

��  �� D��"�8� �� )�!� �� �-�.  

2 -4 - *4'� I �
SI1 T�1'�  

�. �K�� �. ����� ����&�3�- V��E 	. �4{�� b.�� )��0 � )��� ���. 

� 2��  D�7
!� �a(K ���
�- 3�	. 2E )� �- 0��� �. =��	  ����� � 

30	� �-��G ��. .�� �58� 3 L�	  � ICK 3�-����	+ ICK�� 

�),����- �� ���$� ��"�8���
��� �� 	- 3�	. � �- =��	  ����&� �� 

	5� �
+	/ �  .=��	  ����� ������H ��
��� �� 	- 3�	. 0�:  

 )17(  p/0, r, z0 � p(5	, T/0, r, z0 � T7	, ρ'/0, r, z0 � ρ'7  
	��s� ��!+ �� ������ 3�- ��
��� 	.�	. �. 	<' �� 	5� �
+	/ �  .

����&�3�- )18�� ( )20( =��	  30	� ��!+ �� ������ �- �� )�!� 

�� .��-�  

)18(  ∂∂rp/t, R, z0 � 0 
)19(  ∂∂zp/t, r, Z0 � 0 

)20(  99: ;/<, =, 00 � 0 

��
��� �K�	G �� =��	  9��&� ��"	@$� �	�4$H ="�� �-

��  .�� 9�� 0� 3�	. ��"	@$� ������ �� 
"� X0] 
$�; 9�� �� ��

>$� 3�-����	/ .�	�/ ��	; �"�	. ���� 3(4+ 3�-�����- ���� 	.  ��!+

 ����� ICK�� 3�-��
��� 0� 	
!�. ),����- ����� ICK 3�-��
���

9�� 0� .
"�)�$- ��>$� �� ��  ��� � ���7� �� �� ��P 3�-����	/  	.

�����- ���� 0� ),����- �
"��� )��	K ��W�� ��5�� �. 3(4+ 3�-

 ��"	@$� 0� ����� ICK 3�-��
��� �. ����� ICK�� 3�-��
���

�� ���<
"� � ��  ��"	@$� ���� ��
��� 0� ICK�� 0� O� ),����- .�� 

�� 1��(+� ����� ICK ��
��� 0� 	�]�. ��!+ �� )� ��!+ O@" � �.��

� ����� ICK ��
��� ����� 0� �]�$&� D�(�#W� L�� 9�� �� .�� 

�� ���<
"� �
!/	. � 
+� 3�-��"	@$��4� ����	+ |	+ �. .��  -


!/	. *���	�
.�M) 	�C�pv? =  0� ���<
"� �. � ��"	@$� 2G�� �� (

)6(  X� @ � C@expB�E@R�TD ln B
pp(5D /ρ'@G � ρ'0 

)7(  X� H � CHexp IJKLMN"  *I*OP*OP " �ρ' � ρ()*�   

)8(  /1 � ε0∂ρ'∂t � X�  

)9(  p(5 � QaS  HM"SS

TU7
expVM�∆HR�  1T � 1303"X × 10Z 

 

)10(  
HM � /ρ' � ρ()*0M)ρ()*M$  

)11(  
p(5 � p7 [exp -a\ � @]N � a^T� a_ω$̀ � aZω$ � aaω$� �
abω$̂ � acω$_ . � exp/b\ � b�ω$ � b^T� b_T� � bZT^0e  

)12(  
p(5 � p7 [exp -a\ � @]N � a_ω$̀ � aZω$ � aaω$� �
abω$̂ � acω$_ . � exp -b\ � b�ω$ � b^T� ba fgN .e  
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���� 0�/ )���;�� �� ��
��� 2G�� �� ),����- ��	K �.� �B� ="�� )���

) ����&�21 �	� ��"�8� (]18[. 

)21(  
m� $] � iVk � VBp@TSpHlmnD

\ ?⁄ � 1XVpqr 
× *Klmn%M

LMNKlmnSsOtunlsω  

 

FI�� 1-  ?�6�� � �& ��� �&�!5�1 ����
- U1.V '�&�A�]8 �17-21[  

 ICK��

 ="��
LaNi5 

 ICK

 ="��
LaNi5 

 ICK��

 ="��C5 

 ICK

 ="��C5 
	
����� 

57/9  187/59  6×106 833 C (1/s) 

16480  21170  40000  29651  E (J/mol H2) 

8300  8300  5500  5500  ρemp (Kg/m3) 

8400  8315  5580  5510  ρ s0 (Kg/m3) 

419  419  500  500  Cps (J/kg K) 

4/432  4/432  8/52  8/52  Mm (kg/kmol) 

5/1  

×107 

5/1  

×107 

4088/1  

×107 

3592/1  

×107 
∆H (J/kg) 

D��"�8� X�$� �� o	
!� 	���7�  

30  ω (rps) 

1455/1  ρf (Kg/m3) 

5/2  uf (m/s) 

1005  Cpf (J/kg K) 

14890  Cpg (J/kg K) 

7/0  η 

0015/0  R0 (m) 

15/313  T0 (K) 

5  λe (W/mK) 

570  h (W/m2K) 
12-10  κ (m2) 

5/0  ε 
4-10×05/1  ν (m2/s) 

5/22  Vroom (m3) 

×Vs05/0  VCL 

 
) ����&� ��21 �(VS  )�
��� ="�� �� 
"� ��"	@$� 0� �$WE

�� ���K � �� VCL  ���� )� �. )�
��� �� 
"� ��"	@$� 0� �$WE

�$� .�� ω  
�	E 
H	" �� 
"� ��"	@$� ��8� 1G	Z 
H	"

�� 9��&� �� ���4�" �� )�
��� .���p@vw  �pHlmn  �� ��!+ g��	� �.

 ����� ICK�� ��
��� �K�	G �� ��!+ � ����� ICK ��
��� 3����

 .
"� ),����-nreactor  
$�; �� ��  ���<
"� 3�-��
��� ���&�

�� ���<
"� ICK 
$�; �� (�� ���&� 9�$- �. �� 
"� ICK��.��   

 b[7� �[" 9
���� � ),����- ��	K )��	K D�  0� ���<
"� �.

  �)��	K ��
��� �K�	G � ����� ICK ��
��� 3���� �� 30	� =��	

 ����� ICK��
"� �. ��.��� 

)22(  
±κρ�μ ∂p∂r /t, R7, z0 � m� $]2πR7L 

) ����&� ��22 v��G �� � ���� �. �K�� �. �<�� �� 
�~� 
�YH (

�� 9��&� �-��
��� �� ),����- )�  � �� L .
"� ��
��� B�P  

������ �� B�7
�� 0� ��
��� ����K 3�-��	/  � �  	5� S	' =�8� �.

����&� D��' �. 30	� =��	 ) 3�-23) � (24.�  �
 �� (  

 B�7
�� B�E �� ����
"� ���	�. ����K��	/  0� ����� ���H B��" �.

�� 	5� ���� =�8� 3��- )�$- B��" 9�� �� 
"� )� 3�� �. �� � �.

 �4�"������ �� ����� ��
��� 3�� 	.3�	. .��  c	  30	� ��� �� 

������ 3� �� �� B�E B�7
�� ��	/ 9�� �. B��" 
"� 0� �[.�� )25���<
"� ( 

�  .�� 9�� ����&� h g�	h B�7
�� 3��	/ ���W.�K 
"� �� �
�. �. 

=��	  B��" �� ��$� �. ������ �K��G ��
��� 9��&� �� .��   

)25(  λ( {
{|T/t, R, z0 � h�T~/t, z0 � T/t, R, z0�  

Tf  �� )� 	��s� 0� �� 
"� ��
��� ����K 3�� 0� 3���H 3��- 3���

 �� )��0 �. � B�P 
#K �� �#�� )� 	��s� � ��  	5� S	' L�&  
#K

.
"� ��  �
+	/ 	5� Tf �� )��0 0� �58� 	- �� �� �[.�� ="�� )���

)26 �	� ��"�8� (]21[.  

)26(  ������p����L	�
{
{�T~/t, z0 � T~/t, z0 � T/t, R, z0  

) ����&� ��26 �(ρf �uf �Af  �Cpf  �[" �
H	" ����%Z g��	� �.

 
�+	} � )��	K ���H b[7�����	/  3��� ����&� 9�� �� .
"� ��-

 ����  �	" =�8� 3��� ������ ICK�� ��
��� 3�	. 3���� 3��-

 3��� ������ ICK ��
��� 3�	. 3���� 3��- 3��� � 
"� (���� 3���)

 	.�	. � 
.�M �� 
"� (�K��G =�8�) X	/ =�8�40  �K������4" 

����&� .
"� ��  �
+	/ 	5� ��) 3�-27) � (28� =��	  ( ����&� 30	

)26.��
�- ICK�� � ICK 3�-����	+ 3�	. g��	� �. ( 

)27(  T~/t, 00 � T@)� 
)28(  T~/t, 00 � T|��)/t0 

 B���� 2��� �. ���� 3�����	/  �� )��0 �. ������ ICK�� ��
��� �.

) ����&� ="�� � ���. 	��s� B�E29�� ��"�8� ( �� ]8[. 

)29(  
ρ~u~A~C*~n|(@�G�|�T~lmn � T|��)� � Q��@H �
ρ~V|��)C*~ {Nsll�{G   

) �[.�� ��29 �(T~lmn  .
"� ��
��� 0� �K�	G 3��- 3���Vroom 

�� X�W�� )� �� 30�"�	" �� 
"� �;��� VWE .�� Qload  B�7
�� D� 

��	/ �	W�� ��� 0�  ����&� ="�� � 
"� )�	�. =�8� �. ���� 3�-����� �

)30�� ��"�8� (.��   

)30(  Q��@H � QhTAT/T@)� � T|��)0 
) ����&� ��30 (hi  �A i  B�7
�� g�	h g��	� �.3��	/ �.�K � ���K

�� ���� 3�-����� � �	W�� ��� b[7� �[" �K�	G 
$�; �� .� �.

 B�7
�� 0� ����� ICK�� ��
�����	/ ) �[.�� � �  	5� S	'31 ���� (

.
+	/ ��	; ���<
"� 

 )31(  ∂T∂r /t, R7, z0 � 0 

) �[.�� 0� ����� ICK ��
��� 3���� 3�	.32 �  ���<
"� (]20[.  

) �[.�� ��32 �(T@vw  ICK ��
��� 3���� �� ),����- 0�/ 3���

 )23(  ∂∂zT/t, r, 00 � 0 
)24(  ∂∂zT/t, r, Z0 � 0 

)32(  �λ( {N
{| /t, R7, z0 � ρ�U/t, R7, z0C*M -T@vw � T/t, R7, z0.  
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�� �� )� ���7� �� 
"� ������4� ����	+ �[.�� 0� )��� *���	�


.�M)	pv?=�. ��"	@$� �� (  
"�.����   

) ����&� ��33 
��� 3�	. �(
*tvw*Klmn U�(. 	�  0�4 �γ  �. 	.�	.25/1  �

 ���7� 3�	.*Z�� 	�  0�4 �γ  �. 	.�	.4/1 �� �
+	/ 	5� �� �� ]18[.  

 

2 -5- %�� &'���( W�': �6�� �����',  

>$� ������ �"�	. �� V#� 3�-	
����� 0� ��� 3�-����	/  g�	h

 �	�4$H(COP) �����-� )�!� �� � �. 2'�E 30�"�	" )��� 3

)Qcold) ��%
"� �+	T� )��� 3�0� �. (Wc �	�4$H g�	h .
"� (

>$� 3�	. ="�
� 3�-����	/  0� ���<
"� �. 3(4+ 3�-�����- ���� 	.

) �[.��34�� ��"�8� (�� ]9  �18[. 

) ����&� ��36 (η .
"� ��"	@$� *���	
�(�� ��0�.  

  

2 -6 - �S&�L� *&�( B9�+ 
����&� 2E 3�	. �. �"�	. ���� �"��- ��
.� 3��H d�� �. �-

9000  �"�	. 0� O� ���  ���&� 9�� .�  V��7� ���  BY7
"�

����&� .
"� ��  I�R
�� 3��. ���  0� D��"�8� �4{�� 	. V��E 3�-

���8� VWE d�� 0� ���<
"� �.1 ��$h D��' �. �2  � ���  30�"��K

����&� ��%
"� d�� 0� ���<
"� �. 2'�E 3	�K 3�-3TDMA .�  2E 
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