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Effects of Rotation Speed on Heat Transfer and Flow in a Coolant
Passage with Tuming Region (1)
- Cross Ribbed Duct -
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Abstract

The present study investigates heat/mass transfer and flow characteristics in a ribbed rotating passage
with turning region. The duct has an aspect ratio (W/H) of 0.5 and a hydraulic diameter (D) of 26.67
mm. Rib turbulators are attached in the cross amrangement on the leading and trailing surfaces of the
passage. The ribs have a rectangular cross section of 2 mm (¢) x 3 mm (w) and an attack angle of
70°. The. pitch-to-rib height ratio (p/e) is 7.5, and the rib height-to-hydraulic diameter ratio (/D) is
0.075. The rotation number ranges from 0.0 to 0.20 while the Reynolds number is constant at 10,000.
To verify the heat/mass transfer augmentation, internal flow structures are calculated for the same
conditions using a commercial code FLUENT 6.1. The heat transfer data of the smooth duct for
various ‘Ro numbers agree well with not only the McAdams correlation but also the previous studies.

The cross-rib turbulators significantly enhance heat/mass transfer in the passage by disturbing the main

flow near the surfaces and generating one asymmetric cell of secondary flow skewing along the ribs.
Because the secondary flow is induced in the first-pass and turning region, heat/mass transfer
discrepancy is observed in the -second-pass even for the stationary case. When the passage rotates,
heat/mass transfer and flow phenomena change. Especially, the effect of rotation is more dominant
than the effect of the ribs at the higher rotation number in the upstream of the second-pass.

7eMY - Gr : Grashof ¥, r@BDiq/ (W)
H :H9E ¥ '
Dy Y347 ko @FACASF

Dugp '+ BRAIAAFUZEA-TV)) hn EFEAGAF

e : 83 ¥ p 83D A"

Pr  : Prandtl &, uCy/k
R 2 A

* 34, AAUSE e 71 AT e
»  dAdign qEd J1AFE

. [ 2=
s 39 AATigE 7)ATE Ra : Rayleigh ™ GrPr
t AYAA, 9, ARG A AT Re : Reynolds 7, Dy/v
E-mail : hhcho@yonsei.ac.kr Ro : Rotation <, D2/u,

TEL : (02)2123-2828  FAX : (02)312-2159 Sc  : Schmidt %, v/D




738 A7 - 489 -

Sh  : Sherwood %, k,D,/D,..

Shy : 83o] gl 9P FBNAY sh F
: M A 7 Sherwood F

Sh, : 72 BT Sherwood F -

u BT ET

W o 5E9d E

w : 839 X

x : FREEY Al

y 9 HE FHo2HEY c}’ A
z : HE nlgd@o g BE 9 Fo]

D < = v
it 2 g
)

)
2
)-

HZ NEE JteENANY ALy A 2
9 FtzEMias Yztrlee W@ FLA0 Z
3 gtk B4 LA EE FYste
T2z 2RE EBHolsg B3] st zt
2 Jzr)ese] MY 2 BAgel $4Hm ¢
oo F, UEs 37vee Hig ¢43r2s
B UeE YAFAE EdHo= R F=2d
FAste] - ZANFIE LojuA dezH m29
dFo2RE Edol=g B3 Wyolth
yRFe 3Ads € 8L 98 71A A
o ol&te] AAS U, A4 Bdolzy Fi of
ol F22 FAH glon FdAdste #Hoz
A EJF 4572 ¢ dAd2 E4& Z2Ed
gt Bk 58 A5S Z2E Hil Bdols 9
ZHF2e HAE Astd 529 9%, Ao
e YFEE olsiste Aol Aol
880 ot WRAA e AT 2 #F
Ao tig ZEFHY B uFe 98 g
HAYE YoM dFH2 A7 o8 7R
Ao s ojF|X 1 gty Hwang 5V& ©F
FRoA deotFol A% 449 54 2 A
dreatz s LAsts 948 He axtd ds
AT3 AT Iacovides TP IAYE YA
W5 %2 LDV(laser Doppler velocimetry)S ©]-&
e f2 R 2 IARAAN JHFHE 4Fe

o
T 3o

0

r&’i

=

@z 9AY SHE 2BHY

ZE ZZtel fAjdA #F3FoH, o9 HE
01 TLC(thermochromic liquid crystal)E ©]&3F €
Ag 492748 AASAY Liow §9& IAs
2% HE YEE LDVY TLCE o] 48]
ZHBgAY 45 L AAY EX g d7E
59t Murata 59L& 3 AHE s wig dE
o F¥u] Wgd /Y FHE S4& HIHUA
q,. j_a] Won 1:6_(5) 2 Kim %_(6)0 7};\1:’11?1 q}
RASte], FLUENTE ©] 43 FX34
4—-‘4‘:‘2 AdE F572E n@sa,
= 9E R A-FdW 949 zolE
12y S 53 23Ut Al-Qahtani '3(7’°
AL T3 JAsts HE YadMg 8
2 dAGS A5t Adde BIEE}“E}
4419 7, 229 dHFo=¥EH Byol=g
Bo3t7] 93 42&;1;(1]01 L3s ’“Z]ﬂ B
271 Bol AFESE Tk oo Yy dAY B
5 4% nEslr] 98 odud 2389 o3
THF o3 4F, HE9 A 5 Ee¥d 9o
ol dis] Hol ISt Mochizuki 50 g
Murata 572 3|E19 GAUE o] &3ld, JlEdHE
5ol FAsUE 9 oJAFEE R Wi
HEdA e} gFo] % ’151%1° L ) Sy
Azad =09 2 Fu
5002 4509 AEE 2 % 4 LH EED! HH“‘ el
3 Ag Wsld wE FFAEd dALS 5 54
S B YA RathJen Se 2AAGHL o] &
3hal 4500] 2t QAL AAHPL W 43
gAY BIE F8AY EF Cho T xg
A F3EE o) &8lA. T (aspect ratio, W/H)7}
0.5%1 YEA, FEZo] 70°¢0 ‘2F9 thd3 uj
ol 4 AAL BHL APt T
7189 AdFEL FFEA dAY EXH FH
€ 71 AEE FHI}AY ¢ FHAFAAMY
&S EAU 28 HFAEY %%ﬂ% A
< Exd FulE Fd FAE €53 (thermal
AA(hot spot)S A=3d}7] Yo, A=A
7h2ENIE & HAFAA AFsa ) g
o A Wad o dAg 9 {FF SA
#e AE7F dadit B dAFdMe 3ds @
3 2 23 ude] e S48 1) 9
Z38)71 05 HEAAM, By HEY =7
o] 70°1 8.3 & SAZeA AA% HE s
AASTE WA, Yz Ed $aEe T

Fll‘

Jo
oy
lr 3 ru[m

w2
ol

% o

BNy o Bl o
5

bl



THARE A E R R RN Bds WEtd ne gdg 2 /% 54 (0 739

3 Hp BC motor

Blower

Fig. 1 Schematic view of experimental apparatus
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Fig. 2 Rib arrangement and geometry of ducts
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Fig. 4 Pitch-averaged Sherwood number ratios
(Sh,/Sh,) for the estimation of centrifugal
buoyancy force effect
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Table 1 Experimental conditions of investigations
referred for data validation

Authors Exp. Aspect | Heating | Reynolds
Method Ratio | Condition | Number
Pg:::;t Tllf:z:?er 05 Two-side | 10,000
x l:i.a(tSa) T::f:;er 10 Four-side | 15,000
etA :la.\?g) T:zz;er 20 | Four-side | 5000
e?ztﬁ;g) T?ﬁfiilr L0 | Four-side | 50,000

Table 2 Experimental conditions of investigations
referred for estimation of centrifugal
buoyancy force effect

Parameters Mochizuki| Murata Azad Liou
et al.(7) | et al.(8) | et al.(9) | et al.(2)
Rotation
0.062 0.052 0.11 0.10
Number
Reynolds | 5000 | 15000 | 10000 | 10000
Number
Aspect 05 10 20 10
Ratio
Buoyancy |Ra=158x10° 5
= x A =
Parameter | -Leze10? |F2-088XI0°| Ap/p=0111  N/A
Heatfu_xg Four-side | Four-side | Four-side | Two-side
Condition
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Fig. 6 Secondary flow patterns in the cross-ribbed duct at various Ro
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