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Experimental study on heat transfer and internal

flow of an engine radiator
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(School of Mechanical and Energy Engineering, Zhejiang University of

Science and Technology, Hangzhou 310023, Zhejiang, China)

Abstract; In order to reveal the heat transfer and internal flow properties of an engine radiator, 465Q-
type longitudinal tube-and-fin radiator was targeted, with its geometric and physical parameters and
structural characteristics expounded. The radiator performance testing bench was set up, and the
testing program was developed for natural convection heat transfer and flow properties. By completing
the experiment of natural convection heat transfer and flow properties of the radiator, variation
regularity and performance curves were obtained, including internal flow ¢, , inlet and outlet pressure
difference Ap, consumption power P, Reynolds number Re, heat-sinking capacity Q and dissipation
ratio . Through numerical analysis, two equations were fitted: the empiric formula of pressure

difference Ap and power P, and the constraint equation of heat-sinking capacity Q and dissipation ratio
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n with temperature z,and Reynolds number Re. The experimental results showed that laminar flow
behaves better than turbulent flow in the heat radiation, heat radiation becomes worse with the increase
of the inlet temperature, and uneven distribution of external temperature and normal internal flow
consumption power only accounts for 0. 006 5% of the engine rated power.
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Table 1 Main parameters of 456Q engine and cooling system

it X PUET P e R R TECE T Al K A
H4% X pp A/ mm 65.5X78
SHER/mL 1051
Pt B i kg7 2 p W I Ak (1-3-4-2)
JE 45 9.0:1
BWEINE/ (kW o r e min ') 38.5/5 200
R/ (Nemeremin ') 83/(3 000~3 500)
WS € o/ (k] » h ') 125
HAER 58 X B X B /mm 427X330X 51
K & E R/ (m® « s7' e remin™ ") 0.35/3 000

KEFERE « HFE/(m® « h™' » m) 1.8/4
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Fig.1 Radiator structure
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Table 3 Measured and calculated parameters of radiator performance(indoor temperature 23 “C)

qV/ 7)/ (Im/ Q/

@ +h ) (mes) (ges™) Re pi/kPa  p,/kPa Ap/kPa P/W  +,/C t,/C At/C st 77/%
0.193 1 006.8 4 3 1 70 67.5 2.5 2.017 0.010

0.192 1 066.8 11 10 1 75 72.9 2.1 1. 685 0.012

0.7 0.084 0.191 1137.9 19 18 1 0.197 80 78.3 1.7 1. 357 0.016
0.190 1 201.4 29 28 1 85 83.6 1.4 1.112 0.020

0.189 1272.9 43 42 1 90 89.1 0.9 0.711 0.028

0.333 1725.2 12 10 2 70 68.7 1.3 1. 810 0.037

0.329 1827.9 16 14 2 75 73.9 1.1 1.513 0. 045

1.2 0.144 0.326 1949.7 24 22 2 0.672 80 79.1 0.9 1.226 0. 055
0.324 2 058.7 35 33 2 85 84.3 0.7 0.948 0.071

0.322 2 181.1 48 46 2 90 89.5 0.5 0. 686 0.098

0.471 2 444.0 54 51 3 70 69. 2 0.8 1.575 0.092

0.470 2 589.6 60 57 3 75 74. 4 0.6 1.179 0.123

1.7 0. 204 0.468 2 762.1 70 67 3 1. 446 80 78.5 0.5 0.978 0.148
0.467 2 916.4 80 77 3 85 84. 6 0.4 0.781 0.185

0.465 3 089.9 94 91 3 90 89.7 0.3 0.544 0. 266
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, R kP ,/kPa Ap/kPa P/W 1,/C t/C  At/C y
(m’ +h'") mes?) kges D ¢ pi1/kPa p,/kPa Ap/kPa / V/ 2/ / A s 7/ %
0.597 3162.9 116 112 4 70 69.5 0.5 1. 248 0.196
0.596 3351.3 126 122 4 75 74.6 0.4 0.997 0.245
2.2 0. 264 0.595 3574.5 136 132 4 2. 444 80 78.7 0.3 0.746 0. 328
0.593 3774.2 145 141 4 85 84. 8 0.2 0.521 0.470
0.590 3998.6 169 165 4 90 89. 8 0.2 0.419 0.583
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Fig. 3 Radiator performance curves
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Table 4 Calculated parameters of radiator inlet and outlet

¢/ (m® + h™ ) vGEI) /(mes ) oCHTD/(mes ) t/C ReGHIT) t/°C Re(ih 1)
70 24 868 67.5 21 321
75 27 016 72.9 23 162
0.7 0. 430 0.316 80 28 120 78.3 24 109
85 29 655 83.6 25 425
90 31 463 89. 1 26 976
70 42 622 68.7 36 501
75 46 304 73.9 39 655
1.2 0.737 0.541 80 18 196 79.1 41 275
85 50 828 84.3 43 529
90 53 927 89.5 46 183
70 60 376 69.2 51 749
75 65 592 74.4 56 220
1.7 1.044 0.767 80 68 273 78.5 58 518
85 72 000 84.6 61 713
90 76 390 89.7 65 476
70 78 130 69.5 66 930
75 84 880 74.6 72 712
2.2 1.351 0. 992 80 88 349 78.7 75 684
85 93 172 84.8 79 816
90 98 854 89.8 84 682

3 HASFBAXRESEST

3.1 BOAZRMERES
H 2% 3 PEREM & 5 115 S50 & B 43 B vl DL AULG s BRSOk 1 R R 22 Ap R P BRI Bl 4 R
&% P 25t i AKX
Ap = 2q, — 0.4, (6)
P = 0.523¢° —0.013 7¢q, — 0. 053 43, (7
K (6) ~ (D H:q, il 2 BEAEHA B & . m? /h,
B 6) ~ (DA LA B E K O RSR2E Ap S R HELEEM X R miaAmAkyEZ PS5
TR LRI OC R M g, =0 I E S RO 0,3 R BUE 3 A 2 5 8 AU 1R 25 3 Y
A EHE QAR AR A
Q= 5.07345—10.045 8, —4.791 15 X 10 *Re, (8
) WS 1 N HEK TR EE L °C s Re Sy BAAS N BB U 2 3 i 4.
) AT LU, B B Q 5K DR E ¢, MR AL Re B HAMEB B OC R . [F W14
BRSO g it A
7= 3.151 91 X 10 *Re® 0. 003 297, — 0. 314 01, 9
O LA AR 9 53K DR 0 R EHLESREOCR . 5 H A Re Y 2tk
3.2 HIMEMERESW
F 5 RHHCREE NI SN i ¢ = 1. 7(m® /h) T4 T PERE ST 5 28 56 28 ot 58 504l X L o 2% o A X

L e g g ST L R A

Xo



55 6 Wi XUWLH 245« e AL HCE A 12 3 B 3B it 3l i 8 B 5 457

RS OBCAEERE SN ST B N L S iR 22

Table 5 Comparison and error of measured data and calculated data of radiator performance

q./ Ap/kPa P/W Q/ (k] +s™H) 1//%
(m® e by SCME R SoWE bEE  soufE b © somfa ikbmeE
1.575 1. 867 0.185 0.092 0.105 0.141
1.179 1.639 0. 390 0.123 0.144 0.171
1.70 3 3 0 1. 446 1.435 0.008 0.978 1.409 0.441 0.148 0.190 0.284
0.781 1.180 0.511 0.185 0.234 0. 265
0. 544 0.951 0.748 0.266 0.283 0. 064
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