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Numerical Simulation and Experimental Validation of

Temperature Field of Tank Power Train Compartment Body
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Abstract: A numerical analysis model for calculating the temperature field of a tank power train com-

partment is established. A liquid-solid coupling calculating method is used to calculate the temperature

field of the tank wall suface and a wall function method is used to modify the internal flow field of the solid

wall. Through heat exchange calculation of solid-liquid two-way coupling and consideration of the effect

of sun irradiation on body temperature field, the temperature field distribution on the wall surface of

the tank body is derived. The calculation result is compared with the measurement result. The research

result shows that the relative error between the calculation result and the measurement result is less than

9.034%. This numerical calculation method can be used to calculate and analyze the temperature field

of the power train compartment body and can meet the needs of engineering applications basically.
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2 Bq3���D8bÆ
2.1 <VNb*O, zBiFP Æ��PJ<i< ;�[�� zB/ÆqX>��W0��PJv zB=��PJ�
2.1.1 ��~w��� iFu=A�ONEF��pEf zB	u7F��p7g zB"�mÆV< J��YHÆ'W� zBqX>��-Y>��qX>�Æ��(iFPÆ;9U?f0�Æ7s�Æ'W� zB>`Cw��ÆÆ<1*�+Kx7j_�qX>�Æ�x>`	��	 zB/Uz0<1Æ���Mz�x�A�ÆV��0r��3yU<1Æ�xz0'��"Q( zB/Æz0<1E����Æ-��v`�(iF Gm_U?��7sÆ<1�: 1 �'g zB/7siFPÆ	�<1�-:�=A�OiFNEF

��pf zB�m	_D�1�. �vm Æz�NqX>l�4m7F��pg zB�49 Gambit g1��: 1 �z0<1Æ�xx�3y�U<1ÆiIz0'��u zB�d�x�.Uz0'�xe�	qX>���PJ�

; 1 !{C0
�=2�.;
2.1.2 s���� 49 Gambit g1��: 1 � zB'�(�E7F��pÆ�xx�3yiIz0'���HW0��PJ�
2.1.3 {	q����  zB=��PJÆZ�O_�\A1�me(5,�rziFf�gÆ��+A31���PJx(qX>�PGO%PÆ��>l7Nt7s�6x�Ie1�=V���R�����m��MÆ��PJ�4m*t�s���	Æ�4m;\�SOD. �Æ'�m5vE�7F��pm5 2.5m �S�A5v;3nDE7F��p�A+S 1.5mÆPJ��DSWsW0�'� 1.5m ÆPJ�HiF ��PJ�
2.2 Y5;0�9;P>`�v9>`�CP5�E�CP�;�h(��PJE���;PJlt�[(U�PJ99>`���0CP�ME�>;�a�\76PJÆiF vm_Lo�WTf;Æ;\�lT��PJ;HhJ�PJ�(>`-�ÆPJ9>`�CPsk�T�PJ�(>`DZÆPJ99>`�CPs
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2.2.1 ������r��PJS 4�CPx�T%4FH 22mm

∼ 28mm�(=A{F�H 89.4kPa��OO%H
27 ��L=��H 2000r/min�7�H 5 �xÆ��PJiFPE��s���: 3 ����	Æm7F��pÆiF~���CPxÆ.�Qm�e(^g���CPxÆ.w�7F��p~��℄e5O���CPxz	 26mmx�[.wCPx�~��Æo(.�DH
0.008% �e(bHCPxÆ.�(��>l�"7[Nt7s�0r����Æ^ÆCPxH 26mm �
2.2.2 n�
�v!��tux�z49(�p�0�H+A31x�(�	G�MCPxÆZ�'
`�(�p�℄~Æ?y4F����4Ws(��GÆ/=�

9z\<e;.`ÆPJ�eTWs4R9(��M y+(≡ ρu
τ
y/µ)p%�� y+ Æs\;Ge+A (y+

≈ 30) x��rÆ [5] �i(��PJCPxH 26mm�	4i+O%H 2.5m �	4i+n%H 1.5m �	4i+T%H 1.5m ÆCP'��E��s���\�( y+ sE�,��(7yPÆ(�	GCPxE��l�r	���-Æ y+ sHu�1 1�U(�	GCPx�lH�Æ y+ s($�: 4 j���lH�FMH(�	GCPxÆ.��

; 3 8G��qjG��Æ� DQdy�/�
; 4 GNI
H)��NDQdy��m

2.3 MA/-49iI<e�!iF Gm_k|5_� ���PJÆiFP�F5_�<~�
|5_� �
|5_�1�
|5_�p 1 n�
�v!��tuy#Æ�x y+ $)�&Z nR�q fR�q GN1 GNI 8Gi�mI 82.304 53.473 34.140 35.248 41.322
y
+ t �m� 42.101 34.328 33.601 35.050 40.893)�&Z FGi T� �G� /�q ��(�mI 30.805 38.410 38.410 94.972 41.254

y
+ t �m� 30.929 38.477 38.477 49.911 32.256
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> 29 C�> 12 G B L 210� k − ε <'�(�?VF0�&5_�[ [6] � zBiFG zB0d yÆ�sM?50�lPsk�lPM? [7] ��76PJ�Æ_m�m_�yCp�H T8 Æ	_m_M?�76ÆPJ�949k|5_� yA�[���PJÆ/<� zB0O%P���Æd yPJH zB>�/iF� zB=<iFv zB0���PJ�Æd y+A �H/<+A� y�V<�/H wall+A�\��� wall+Ae(� \o yÆ�T0p+m�_7	31�U�[E��#�/�(D�[qX>�Æ zm Æz<1Æ(��49(�p�0+A31�(�O%< zÆzvm ÆzÆm_'����	 [2] �(D>l+A�4&oÆz�,�Qm�H+A�f�	_D+A�f&oÆz�,�Qm��o+A31�f�tMz���x+v5MVv�Æ^ DO �o'��5\>�����fo4>�Æ^	`��k|5_Æsk�9 <6>J;P~�Æ^9 yM?Dv Coupled M?�0�

; 5 !{C1P&QN�Æ`;: 5 �"Q�s��Æ_:Æ�fB/U<1�FiFÆ��O%��z�A#Y

�A�� zm Æzm_'4�WT'4ÆYo�(B/<1�FiFÆ�vO%�oH+A���gB/<1vB/iFk_ÆO%�B/iF Gm_'4( zm Æzm_���.[Æ+A��B/UlÆ�%P�O%P��zPvA#iFY�A�\B/Æ;9�4'4>lGm tÆ'4>l($�elz		}0�_>�����g>l�?_3�	 zm Æzm_���(X~Æ zB/iF�vO%$��~� zm Æzm_��50A/Ql [8] �
3 �,5	F�'g zB\_ &�&eÆO%P;9Lo��Q zBz	_<{�&xÆUF�ÆO%.�O��H zB1�O%P�s��.[($�T�
3.1 S_kimKD�9�K��ximKGk|��tNÆ7 - _7_�6�FO4FH −40 � ∼

350 ��F�M%H ± 0.5 ��6U�mÆ,O1zH 200 ��-t#1�9 16 �}1�,#��f�tH_�6�q'6UM%H ± 1 ���9�T
12V ��bo|[��
3.2 '2K*#iz��^9zO%mKD 8 T�	�9�O_��"�	f0_R�ÆO%.��C�`�	_R7sP ($e zB�Æ'�) �: 6 H zB�Æ'�mKDÆ9��-:�

; 6 �(�n2�P&nLE�:��.;
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3.3 S_7.

(1) S&���i('g\�3O�9�r}31e�'ge 4 ��\76. �=�\%�76�MeE����
(2) UF�z	<{Æ0w�Æ�k_Dv=k_DEllÆ�Ov=O�a\ 70 ��A�O%.�H ± 1 ��
(3) �TF�!�i��T�4itÆsM<[�HFF�ÆO%��s�
(4) !�. �767�"(4Æ=�\%�. ����OO%v�O�z�
(5) E7F��pV\�

4 bÆfQL�_6�,F)()�'gE��zx���z�x+H
9 W 24 mX 11:00 ��K�P�Yo�ÆU>2Fe'g( 4 �� 100% =��L=��H
2000r/min <�v-vH�}�E7F��pV\��O{FO%H 23 ���zH 99150Pa�4<;��>lGz�sE��($�1 2 � zB01�O%P��sGz�sÆ($�1�Æ��sH fluentg1��>l�o4F�MzÆs��{o(ZJH 9.034% ���sGz�s�"Cy�ZJÆO0?�5�Æ �����?`�. �7�h��FÆ7s�-�/_R+A31G'gF��o?:J�p 2 {	q�p��|��$���$x}mG� {�t (�)  �t (�) p)[K (%)

1 24.2 25.101 3.723

2 25.7 25.157 2.113

3 24.3 25.712 5.811

4 27.6 26.050 5.616

5 29.8 27.912 6.336

6 26.2 28.317 8.080

7 24.5 24.600 0.408

8 32.1 35.000 9.034: 7 � zB�1�O%PÆ�sm�-:�u:�e(^g�7F��pv7FhEGÆ�'�1�O%9O��Oz	 64 ��_,k�A$j���9{��3sY�Æ���

; 7 !{C�2�P&Q��tn; (�): 8 x: 10 ;3H zBK'���D'�vAD'�ÆO%PX:�u:�e(^g�K'�Æ�OO%H 40.4 ��e�<D>lMDK'�/D� zB/ÆqXiF<>l7gB=�OOqXiFGK'�	_�yK'�O%9O��D'�Æ�OO%z	 26.8��e�<DA/D_RHm Æz�AD'��OO%z	 150��j\�<D. �7Fhm_ÆSb�
5 fv

(1)  zB0ÆO%P��sGz�s($
; 8 !{CL(��2�P&QY; (�)

; 9 !{C�E(��2�P&QY; (�)
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; 10 !{CBE(��2�P&QY; (�)Æ�{o(ZJH 9.034% �1$"Q.gÆ zB0O%PÆ��50�e�Æ�
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