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Fig. 1 Schematic diagram of experiment setup
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Fig. 4 Ap at various system pressure
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Fig. 6 Average wall temperature at various system pressure



886 b5 W &= B R K% %M

2025 4F

JUPAZE (e RIEIN 4 C) . X2 R4 M S
SIE 28 JE 60 G, BT ' v 3 T P O AR 0 3 B,
AT AR ARR A FAARACSRE WO TR 2 1 5 HEL R 3 3 R 2
. HORE R G 7 0] 22 BE AR A I AR K, i 2
H T AR TR ) A T B o

BEF PR ¢ N 0.29 MW/m’ Bf, NEJE ST
Ot R B 38 G Y 3% 28 KRR Nu an B T iR o
2 3 T8 A 5% 2E SR FE R Nu BRI K, Nu, B K
JNT 28, Nug e KN T 15, WK A 22 KK
IFi) P58 BEL 2 250 1) 2 00— A, KL 9 T 5 >f 1) Sl 7y 4
S 4K, KRS 38 TE 1) %5 28 SR R AR Nu, A E O T 8 E Y
Nu, BEARE R 115%~ 146%. FiE RGE T #25,
FELB 37 T8 1 5% 22 SR B N, AR (B KPR AR 4.7), 06
Ve 3E A Y Nug AR Q0 (R R BEAR 7) o S iE N
it BB R Bl 2R G5 ) B, AR S RE T R] ) I
3 s B o, SRR RE TR E L, RECEE AN
VAR R 2 BT, T 2 2 (R Y 22 B O A B
IR, e Nug 7EAN TR R G0 1 ) Z 6] 19 22 BRI A
PLIF . AR AR T N, A, WAl R R 4
WIE: b NI TR: 74N 5 N 11 S R 2 N 1 Dl 1 B e 28

90

80

70 +

g,.

60

50 F —@— p=3 MPa
—- p=5MPa
—A— p=7 MPa

40 : : : : :

1.5 1.6 1.7 1.8 1.9 2.0 2.1
mi(gs™)
(a) JLHE HIH

160

150

140 |

s_

130 |

120 + —@— p=3 MPa
—- p=5MPa
—A— p=7 MPa

110 : : : : :

1.5 1.6 1.7 1.8 1.9 2.0 2.1
mi(gs™)
(b) HlkiE E

B 7 ARFERGEES T Nu

Fig. 7 Nu at various system pressure

AR, IR, RGN 2 S 8RR B
PR B N, 3R TR b P iR A {8 2 VR T 22 B[]
S B0 5 RE B BE T, X R AN AR . S Ah, i
PRI EE T 2 il AR AR, 7E 33X 2 5% 1 19 1
FHZF, MRS 8 1 0 ROR B R G 12840
HH 0 AR 2 L T S AR AR T
22 BEAREFEIRFER RN
22.1 ARFHMEREIT LM

JE 7124 3 MPa B, AN [a] BE P38 2% B2 1 O T Al
FERE 38 18 (%) R 38 G an il 8 TR o FE 1.6 g/s /N
N, G I A [F] N AATh A R Y s 45 2 J L —
o Bl PR BE i, O 1A Y SR D 40 O
/N (B K3 0.13 kPa), TR RS 38 & A 50 77 35 in
(B RIE AN 0.1 kPa), 33X 2 A Ay LA 1 0 wh 40 0 15
) T A REL 0 4 2 B v A R T R, KRS 8 A R
O S VTR B T 40 K, B R R s
TET Ik BE 4 T, H 2 40 3 8 4 1 AR e 0 i 4 5 i
Ot e 38 T A U R BEL ) 4 R Ak TR 25 0E B B, TR B
Fe TR A ' T 0 T A 3 S 43 BE ) A G i — 20 4
Ko DI I T P BE TR AELAE B2 55/, 70 58 i FR 0 % B
BIAE AL T, BT AR R AR BT, DT AR

2.0
1.6}
12+
<
[~ W
4
b
“osl
04 —@— ¢=0.29 MW/m?
T —m— ¢=0.32 MW/m?
—A— =035 MW/m?
O 1 1 1 1 1
15 16 17 18 19 20 21
ml(gs™)
(a) YT iEIE
4.7
421
o]
Ay
=< 37
&
327 —o— ¢=0.29 MW/m?
—m— ¢=0.32 MW/m?
—A— =035 MW/m?
27 1 1 1 1 1
15 16 17 18 19 20 21
m/(g-s™)
(b) HH i 3

K8 ARAREE T Ap
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Fig. 9 Friction factor at various heat flux densities
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Fig. 10 Average wall temperature at various heat flux densities
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Experimental study on flow and heat transfer of hydrocarbon fuels in additive
manufacturing channels at supercritical pressure
CAI Lei', XIAO Ying’, HAN Huaizhi" ", YU Ruitian', LUO Wen'

(1. School of Chemical Engineering, Sichuan University, Chengdu 610065, China;
2. AECC Sichuan Gas Turbine Establishment, Mianyang 621022, China)

Abstract: This article presents a comparative experimental study on the flow and heat transfer performance
differences between additive manufacturing (AM) rough channels and machined smooth channels for supercritical
pressure n-decane. Using a roughness gauge, the surface average roughness of the smooth channel and AM channel
were determined to be 3 um and 11 um, respectively. The study investigated variations in the friction factor (f) and
Nusselt number (Nu) of the two channels under different flow rates, system pressures (3 MPa, 5 MPa, and 7 MPa),
and wall heat flux densities (0.29 MW/m’, 0.32 MW/m’, and 0.35 MW/m®). The results showed that, within the
selected flow rate range, both f'and Nu of the AM channel were higher than those of the smooth channel, with f being
2.8~3.5 times that of the smooth channel, and Nu being 1.7~2.3 times that of the smooth channel. Increasing the
system pressure reduced f of the AM channel, but increased that of the smooth channel, while Nu decreased for both
channels. As the wall heat flux density increased, both f and Nu of the AM channel decreased, while those of the
smooth channel increased. The rough channel had a comprehensive heat transfer coefficient of 1.2~ 1.5, showing
outstanding overall heat transfer performance and greater effectiveness at low flow rate. The correlations of the Nu
and f'of supercritical hydrocarbon fuel in additive manufacturing channel are proposed.

Keywords: roughness; additive manufacturing; friction loss; heat transfer characteristics; experimental study

Received: 2023-03-10; Accepted: 2023-04-04; Published Online: 2023-05-05 08:41

URL: link.cnki.net/urlid/11.2625.V.20230504.1814.002

Foundation items: National Natural Science Foundation of China (T2441001); Special Fund of Sichuan Provincial Gas Turbine Combustion
Engineering Technology Research Center (JMRH-0000-2024-00001)

* Corresponding author. E-mail: hanhz@scu.edu.cn


link.cnki.net/urlid/11.2625.V.20230504.1814.002
mailto:hanhz@scu.edu.cn

	1 实验方法
	1.1 实验系统
	1.2 测试段与测点布置
	1.3 测量及数据采集系统
	1.4 实验工况及参数定义
	1.4.1 实验工况
	1.4.2 计算参数

	1.5 测量误差分析
	1.5.1 直接测量误差
	1.5.2 间接测量误差


	2 实验结果与分析
	2.1 系统压力对流动和传热性能的影响
	2.1.1 流动性能对比分析
	2.1.2 传热性能对比分析

	2.2 壁面热流密度对流动和传热性能的影响
	2.2.1 流动性能对比分析
	2.2.2 传热性能对比分析

	2.3 综合效果
	2.4 超临界正癸烷在AM通道内的摩阻系数与努塞尔特数经验关联式

	3 结　论
	参考文献

