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Abstract: In order to investigate the pressure and flow characteristics of the rotating
channels, a new measurement system was invested and implemented in National Key LLabora-
tory of Science and Technology on Aero-Engine Aero-Thermodynamics of Beijing University
of Aeronautics and Astronautics. The new measurement system with high measurement ac-
curacy and plural air channels could reach high Rotation numbers by increasing the back
pressure of test section. The Reynolds and Rotation numbers ranged from 20 000 to 70 000
and 0 to 1. 025 respectively. The investigation used different temperature ratio conditions to

investigate the pressure and flow characteristics of the rotating two-pass square duct with
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smooth walls. The results proved the reliability and superiority of the measurement system

by comparing with similar experiments in foreign countries. The result showed that the stat-

ic flow resistance increased with the increasing Reynold number, and decreased when the

Reynold number was high enough. In cold conditions, the flow resistance increased with the

increasing Rotation number. In thermal state, the flow resistance showed no obvious change

in low Rotation number, and increased significantly with the increasing Rotation number in

high Rotation number.
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rotating pressure measurement; cooling channel; high pressure;

high Rotation number; high Reynolds number; experimental technique

1T BT 28 & S ILAS W b % g L B g i e
T e 2 S0 25 B8 AR 3R 8, O T AR IEAL =5 K 3
BLAY IE 12 5 101 7 A B 303 58 R (998 20 H0R A2 3|
EPN NI 7 W E o il R i Prl W e
HIH AR ) 28 2 SR R T e R TR AR
I A T 2 R A L ¥ DA SO A U 8 A I YR
I I, 23 A2 BIAR B R LG AL e 1 T 1 9 4R
F 3 e A g A 3d 5 R U 8 R A
AN 5 DT 5 e T 30 T P O EL R P R AR

UTAFK [ P b S BT e ROk T
P ¥4 36 T O BEL 5 4 BT g O P X B TR
Vo I Y IS e R E R R R 7 T e
il R S S B0 LN AN R A A AL
2 RSB R I T i I Y e EOR.

e &% P9 ¥ S TEL A I BEL A P 2 96 X s 2 Bl L
EE I B BT o L TRy IR AR AR B A
PRSI I A AR A AR IE A 3 B A AR
17, X0 BE A% B IE I A2 2 5 & Sl HIL T A 2 B0 e
e 25 T 3 N i S 6 S PN SR AIAR A0t B

R SCAE 3991 ¥ T 9 3 T T 2 H B 5
AR A L X g i A JOIR 25 A9 A Y8 3 T R BEL
B SLg Bt T — B IE RS R AR
B 52 IR 25 T 1O o TR T B0 S92 38 i 52 56 2 4K
WS eE S T kSl TAES 8, 0F Hiit
T 25 % 0 O I s AR A A 22 0 T A LS B

AR SCHE i — FR SN I UM LI UE W T % R
G BT S PR AR B

1 LRHEAREILWIRE

1.1 REHBERIRE

A He 28 48 1Y 52 B 56 UE AE b B =S i R K
S S R BSL R B I I 0 S 0 Y e
BA A R N E A & AT, SRR AR
AL g i 1 R, EEmh R

Gt PERR G SR AR I i A S A

S 5 S AR U E 1 DEUBLIN 23 ] /R
72 1500 T XU 38 BE H% HE Ak A e T 2 e
e B0 S 36 BEPAY A DRAIE R T % A Y T BT S B
T B . S B T B ALY R OR TR
i o BT P9 5 1R AR 38 18 P AN T 34 4 L FTRL ORI 5
6 B A A T SR
L IRET s B fil}lﬂﬂdfi o

£ g
BEREIREE e
i / A

BT i e A S 65

Fig. 1 Schematic of rotating heat transfer test facility
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Fig. 2 Sketch of high pressure gas circuit
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Fig. 3 Schematic’of test section
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Fig. 4 Structure of entrance of test section
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Fig: 5~ Sketch of gas circuit of pressure

measurement system
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Fig. 6 Deviation of \pressure measurement system

at different rotation rates
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Fig. 7 Rotation number under different conditions
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Fig. 9 Flow resistance coefficient at different

Reynolds number

10.0 T T
CREFN
o -
75}
= vl
o 5.0 o°
oo
2% \o ©
7 L o o
& P go\ 0
S oN S 0o
SHBew dito oo A °

0 0.2 0.4 0.6 0.8 1.0
Ro

Pl 1O B KOV 25 B SN £ 00 it B 2 iy 52w
Fig. 10 Relationship between flow resistance coefficient

and Rotation number at different temperatures
B e e 8 T4 K W .

4 & it

BE T Bl I e R R R 0 R G A A
FEAR AR T HERE R R 5. % e 5% 0 K R 5
LA I RS B s T SR L T R A S

SRR G ST T U
T 38 3 1 — 2R 50 50 0E S8, 5 i 5 E AT LA
(18 S 56 235 S F b, TE B T IZ SE B 4 R 1 T S S
P

SEEY I T Re= 20 000~ 70 000, Ro=0~
1. 025 JE N . 1% A R liefe X 7 TR ki U % 8
T 118 i BEL A 1 5

[T RS TR RT S G R (e TR G L N
TR U R B I B 0, A T 3 7E RO
RENHEAE B BT I BHL 3R B b & T v Ao R
SN OEE S

VAN Tt Xof i BEL 1) 5% e 45 o B & FLAS [
T BT 1 I B 2R 080 i L AR A 1) A5 5 Bl



5114

Wi B2 45 @ % i A A BEL AR 1 52 56 1Y 52 5 e

2629

TP R DT 48 R A A A LA T A A B L AR $R
A KT B0 T it BHL 2 Kl e L B e 2 i) 72 £k
WU [R] Ve 25— T i AN ) 8 L2 7 ey e e
BT o JHG G e 5 AT K LR R R R 4 .
Zi b Tk AR SCSEBUIT BRI T e e a8 T8 P
LA P P 000 5 3 Oy e A O s 4R AR T T ) 4
ARFE.
Bif
ABIETE AR 2 FK A E A Tl 8 712 A
T2 K sh LAY BR 524 28 W /Y ¢ B 4 AR A 2
T 1 2 7 S

SE WK

[1] LiouT M, Chang S W, Hung ] H, et al. High rotation
number heat transfer of a 45 degrees rib-roughened rectan-
gular duct with two channel orientations[ ] ]. International
Journal of Heat and Mass Transfer, 2007, 50 (19/20)
4063-4078.

[ 2] ZHOU Fuguo, Lagrone ], Acharya S. Internal cooling in
4+ 1 AR passages at high rotation numbers[ ] ]. Journal of
Heat Transfer,2007,129(12) :1666-1675.

[ 3] Huh M,Jiang L.,Han J C. Influence of channel orientation
on heat transfer in a two-pass smooth and ribbed rectangu-
lar channel (AR=2 :
[R]. ASME Paper GT2010-22190,2010.

[4] Chang VS W,Liou T-M,Po Y. Coriolis and rotating buoy-

1) under large-rotation numbers

ancy effect oncdetailed heat transfer distributions in a twe-=
pass square channel roughened by 45° tibs at high rotation
numbers [ ] . International Journal of'\ Heat and Mass
Transfer,2010,53(7) :1349:1363.

[ 5] Michael H,Liu Y H,Han ]/C. Effect of rib height on heat
transfer in a two pass-rectangular channel (AR=1 : 4)
with a sharp entrance athigh rotation numbers[ ] ]. Inter-
national Journal of Heat and Mass Transfer, 2009, 52
(19) :4635-4649.

[ 6] Liou T M,Chang S W,Chen J S,et al. Influence of channel
aspect ratio on heat transfer in rotating rectangular ducts
with skewed ribs at high rotation numbers[ ] ]. International
Journal of Heat and Mass Transfer ,2009,52(23) :5309-5322.

[7] EwE,FR,H UG, BELRIE N &6y 4058 18 5 8

W R AR S I OF 5E (1], TR 4y 3 2= 4, 1997, 18
(5):608-611.
WANG Baoguan, WANG Wu,JI Honghu. Experimental in
vestigation of heat transfer simulation in the turbine blade
with rotating square and taper tubes[]]. Journal of Engi-
neering Thermophysics,1997,18(5) :608-611. (in Chinese)

(81 XBzal,Fag IRESR, 5. ISR T A M UJBE
TE P S B B AT ()], K3 BT R AR 2001, 41 (1)
38-41.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

DENG Hongwu, TAO Zhi, XU Guogiang, et al. Experimental
investigation on heat transfer within a rotating ribbed serpen-
tine passage with stagger angles[ ]]. Journal of Dalian Univer-
sity of Technology ,2001,41(1):38-41. (in Chinese)
A7 BREE L B, A5 A RS T g T G P O B S
AR HLBIBTFE [T ). s 23, 2005, 26 (4) : 411-416.

DENG Hongwu, WEI Zhe, TAO Zhi, et al. Study on mech-
anism of turbulent flow and heat transfer in rotating pas-
sages[ ] ]. Acta Aeronautica et Astronautica Sinica, 2005,
26(4):411-416. (in Chinese)

XUAEEL, B, TOKTT 55 BERE X6 U JB i E 4 $u
MR, a3 J1 241, 2006, 21(3) : 512-517.

LIU Chuankai, TAO Zhi, DING Shuiting, et al. Effect of
rotation on heat transfer in a rotating U-shaped passage
[J]. Journal of Aerospace Power, 2006, 21 (3):512-517.
(in Chinese)

XUAE L. T 11 7 50 1 9 v R 3 5 e BOPLIEAF 52 (D b
5 AU TS LR K%, 2006.

LIU Chuankai. Study on fluid flow and heat transfer in ro-
tating serpentine cooling channels[ DY, Beijing} Beijing U-
niversity of Aeronautics and Astronautics, 2006. (in Chi-
nese)

Huh WM, Lei J,Liu Y H, ¢t al. High rotation number effects
on'heat transferin a rectangular (AR=2 : 1) two-pass chan-
nel[ ] 7. Journal of Turbomachinery, 2010, 133;: 021001. 1-
021001 T1.

Prabhu S V, Vedula R P. Pressure drop characteristics in a
rotating smooth”square channel with a sharp 180° bend
[J]. Experimental Thermal and Fluid Science, 2000, 21
(4):198-205.

TR AR UM AR X, 56 T e 000 e P SIS B R T
BAUELT]. 4 3 43R . 2014,29(8) : 1817-1823.

CHEN Junhua, NI Bin,DENG Hongwu, et al. Experimen-
tal technique of heat transfer in rotating channels at high
rotation numbers[ J]. Journal of Aerospace Power, 2014,
29(8):1817-1823. (in Chinese)

DENG Hongwu, QIU Lu, TAO Zhi. Heat transfer study in
rotating smooth square U-duct at high rotation numbers
[J]. International Journal of Heat Transfer and Mass
Transfer,2013,66(11):733-744.

QIU Lu,DENG Hongwu,SUN Jining,et al. Pressure drop
and heat transfer in rotating smooth square U-duct under
high rotation numbers[]J]. International Journal of Heat
transfer and Mass Transfer,2013,66(6) :543-552.

ZHOU Fuguo, Lagrone J, Acharya S. Internal cooling in
4+ 1 AR passages at high rotation numbers[ ] ]. Journal of
Heat Transfer,2007,129(12):1666-1675.

Fu W L, Wright L. M, Han J C. Rotational buoyancy
effects on heat transfer in five different aspect-ratio rectan-
gular channels with smooth walls and 45 degree ribbed walls

[J7]. Journal of Heat Transfer ,2006,128(11):1130-1141.

(%t H



