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Heat Transfer and Flow Friction Performance of Rotating Rectangular
Channels with Different Dimple/Protrusion Structures

SHEN Zhongyang, XIE Yonghui, ZHANG Di, LAN Jibing
(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: A numerical simulation was performed to investigate the heat transfer and flow friction
performance of rotating rectangular channels assigned with dimples and protrusions on each side.
The viscous Navier-Stokes equations were solved using the shear-stress transport (SST) turbu-
lence model. Three dimple/protrusion structures were discussed including circled dimple/protru-
sion, horizontal oval dimple/protrusion, and vertical dimple/protrusion. The results indicate that
the heat transfer increases significantly near the windward side of the protrusion, and there is
flow separation and the heat transfer near the leeward rim and in the wake region falls. On the
dimple side, a higher heat transfer rate is observed in the region of shear layer reattachment on
the second half of the dimple cavity while the first half of the cavity has the lower heat transfer
rate because of flow separation. The channel rotation has great effect on heat transfer and friction
performance because the rotation will affect the place where separation and reattachment occur
and energize the flow near trailing surface. The comparison shows that the average Nu number
and the friction ratio of the vertical dimple/protrusion channel are almost the same as those of the
circular dimple/protrusion channel while the horizontal dimple/protrusion channel has larger av-
erage Nu and the friction ratio than the others,

Keywords: dimple/protrusion; rotating rectangular channel; heat transfer; flow friction

Wk HIY . 2011-04-03.  fEE I B Q991 —), B A4z Wk (R RO 3B #4240l ReWH. i
A3 IR FEABII Y 55 9% B3 B (xj20100127).



811

H AT S5 AN TR BRES /T A5 A ) TR e S S e B BEL A A 5 53

FEIRVR H 2 Be U5 3l ) 0 3k 1) 7 S 5T 2R,
ST L AE VA HIE 8 P oA Bk /R T LR 258 1k
T VE R, Rl 2= AR A/ N BT 4 k. AR 2 A%
PO IR T & AR TERERE I DU S LI 9T e e
T T ERES /BRI T 1 I B R B S
. BT S5AL Y SR Ak A5 FA R AR R 0 S0 R P B
YT EBAE 7 B T N )T IZ K. Afanasayev A5
BRI T MR RS 1AL Pt S 40
P, Griffith, Mohammad 2™ B8 ifF 57 1 2R /B8R ™
SERG L 3h B AL PVRRYE  Ligrani S50 %R 5E P9 1725
FF IR SE R HEAT T 5L 85T , Mahmood 457 i
XiF SCHERR S (A5 385 B0 1 R R 64T T SE SR A5
P2 Rao 55 SR S8 (9 7 i i gT T 8k a3 HE
ETRE A DA By — 3% S [R) A B 1 15 $ABH M g XTE
DRI SE T Bk ES /BRI A 1 S I T A) BR Ak B Ve H A
FH W =1 SR ST T b S T R 0 A% A
PEfE.

ME K SCHK R » KRBT Bk e /R 4 iy
P BT A b R 58 L I HR 2 DL L
(14 R T Bk 3 3. AR SO R /1R o 30 T2 1) 1% 34
BH AR EIEAT T BUE R, [RIB R 3 Al 1] A9 Bk
AR IEAT T X FL A AT o LAAS 245 B BR 53 45 4 A8
PR R R A BRI L Ry i 5 8 v P e Bk v T AL
B%.

1 JHEER Lk
1.1 4piBfEsl

ARSI S G T AR Y 38 T8 AR 1) L 3 ) LR )
AR S50 R 235,16,115 mm, 78 OGH@EE R
ek e /BR N A B R A A — 00 A R L
— A BRI B SR A R RS | WA B R 6T AN
REAG IR BREE L 3K 3 P b A4 T 14 T A 2 A A G [
I

B 7 2R B /2R

A I Bk T /3R Y

AW B 3R /3R Y

1 3 FhERES /BRI A5 A4 ) I R A

http: / www. jdxb. cn

sies vy a2 & 2 s, Hoh B R Bk e
RIS A I5E 3K  HE B 7 ORI ) 1 (B B o A ).

47

16 N
—* 10

D

23.5 B R mm

B 2 ke R R EE

BREE A A RS 2R O B, FiF A BE T BT (1) 1)
ME T I Ab B BERI SR — 2SR Y~ 1. &
T RA% TG S B UE I - 3 R BR BT (10 RS 1 5 850 1)
S 240 J7.310 J3 A0 340 T7.
1.2 HEFEROREG

AR SST ko Jif A SFE SR A 2 1 Navi-
er-Stokes J5 &, it 8 T8 Ry &5 A, &5 [k Al IE 1Y
W 293 K, B FoK I BHAE WS 0 F s s
11 600, H HAEXHS H S 0 Pa, bR Bkas/ki m i
BETTHAGE R 650 W/m? 1% BE [ A 46 $ARE . 31530 5K
fif R R A ANSYS CEX, 2 i fE gl it
FERIRE R T R AR 22 /N T 107/ I BRI
2 IEITEEE

Mohammad 45 & F) H i i K 8 B4 (LES) X
—BRET /BRI T B R T T RIS AR AL
AT & 3 s, B i S=P=1.62 H,
D=H,5/D=0. 2,i# 1 &is%ECH 9 850, Hrfr S\ P 43
SRy A ) R R [ () BR S (BB D A BRSS9 A T LA
H Shpdif () i, BARE T IS R 3 Hibnii.

B3 BRES /BRI L R
Mohammad 43 #4557

AR SCRERY K 3t 3 28805 SCERE3 AR TR] R s
RIYETEECH 9 850 00T B Ho 20 M vl LASGIEAS
SCHE T ER M. 26 1 45 7 skas 1w Ak i
(V-85 SR BN H. AR 1 T LU Y AR S R S
SCHRL2 145 A 22 N R BB R AR SO 3 YA A
FERRES /BRI ES R S AR AR =TT Y.




54 o o o@m ok % ¥ 45 %
K1 G @Ak &b %R R AT e & 6~ 8 R i% Nu s LRy

- hD D

Nu . l\]u{) — "t h — qw h
Jrik Nu=""=7"77 2

¥ BRar . N o N w

= ﬁif iif S gy WRETT RO BB s h WG RS T, A
. 3' 00 1' 0 Ty A5 b BE T A R RE R A E A AR EE H 1S

3 ARSI

g — PR B S HIAEAT T #0139
T U HEREINF Ry A —0. 97 A5 {6 0. 97,
s LA

wD h
vV

A cw WERESEE Y RBER A f B s Dy, Dy i i
HERK 3 AR VO SR HE 1D R, i@ I 1 R,
AR5 ) R AT 4 i 7S 3 A 335 DU %) PRL s 1)
NIE. RZ A

Rb:

(D

K4 TR R Ry (7w E

3.1 FwEhiEtE
R ER B3 /BR ™ 38 )T 2 T A0 A B 9t 6
Bl 5 s B S Al A i BRI i AT 2 b o
At AR ER ™ 38 3 2 8] 57 2455 S s AE Bk 1 S
2 ER o F R DX IR & A 3 3N 43 1 L T 7E 2 5 e 1
A HE IRF BT 5 KBS TR AL A A A R 3 A T L (453
IRAE M R A i s 0 5 I BR s %) v ) 55 2 3 43
KA. Ry<<0 B, B wo A28 A 3R ™ 1T 19
T BN 53 B AN B KB [T s 3 85 2 09 T TR 28 T i )
“MH BRI 2RI XA T AR SR/ s B Ak 1
T AL LRI, Bl wo B3 K, 43 8 3t sh i i
FHZ AR I HZ W8 st 2 A~ Bt 19 5 1] Jié e
(TR EEFE). Ry, =0, BIVER (™ T8 A JE 55 1 2% 1 1, Bl
w BB T BRI T 9 T B0 o B A 4 A s A
NI S G BT 1 R 3 DXk T AR TR R 5 BR S
Ab R  B0 F B B I 28 A TRk e
S0 BREIEE B — s XS BRI 2 ) i i i AN 1
3.2 RS

[ . 52 Ao [0 A A [ R8s /3R ™ 1T Y N 49 AR

http: / www. jdxb. cn

M 6~ & 8 BT A& Hi . & T IR B Bk w8k ™ i
TE BRI T2 R SZ 3 B R R R N, 1k
IR 7 P49 4% S R B8 K L i I % B R 3 Ak 3% 35 s 43
BERSE I AR AL R B AR, BRES T S 5 28R
IR A AERRES 1 J5 23853, I R A R B T U
Bl B ERR s SRR ke i e X B A T
AEALE T A B T B0 B0 4 85 DR I 55 S IR BRI
L5 RS Elyyan™* X ik FEERES /3R 8 18 1) 4%
FEIRBUM AR RS RAHI 6. Ry <20 B, %A
e A5 1R 47 T S 30T %) 30 A TSR 3 2 » R i % BT 1
TR ARG B w B R AE IR RE R R AR o I &,
IR S S BRI 0 I 5% 7R 0 DXl T AR W /) 5 3K
5 T (RS FE IR B IX S B o o 186 KB Wi 1 KL 3
St e S BOER e 5 2584 B U B 43 B
FE. Ry=>0, BIER ™ 4 e e i 2% 1 i), B w0 (938
TR R S BRI BT 1 R 5% SR DX e 3% i e 3k
R ST 4 A 1 35K 0 1 R (RS B, 8% SE SR B
B2 9] 5 BRI B 3 (4 AR 55 2 IR B X S B 7 o
HEFTIR /N S5 2R BR B DL K BR 5 22 8] ()3 3 il 5% 2
IR BT A 33 2 FH T T 2 (1 45 35K 5 i % 1 T B0
3BT RO R /L, PR AR o YRS KT R T
BRI 5 S5 R T 3 R T3 9 s BR e A, AT R KR
T RGN EREL

R (B3R /3K T RS AR [R5k /3K T 3 46
PRI 5% ZE IR B A FNIRIE Bk / Bk o e AR i T
R BRES Z B AT H 25 R L (A5 4 24 A
IR AR T A8 . 3 P EFE AR 00 R A ER
B /BRI R 1T BFFE IR B N/ Nuy (Nuo G
T T AP 8 SRR B0 T 9 Fizs. AR 9 AT
B IR b R T A I R 1 T
P53 € SR80S RE 2R e T 4340 3R 1 T3
B3 L IR KT IR BRI 1T ZE(E AN B L 570 5 R
[RIBR /K™ 18 T 35 %% SR B0 b KT 95 4 2 Fil
BREE /BRI 2. R, <0 I, 38 38 BR ™ T ) o 1 5% 58
IRBI K F BRI T 29 wo BT T, 2Rk 0™ 1 17
P52 G SRR 184 o, 35K 5 T 114 5T 34 %% 2 SR BT
% T K BRI BR AT 1A T 38 8% SE R B 2 (B
AR EAER S T BT 38l R, >0, #4538




811 H AR L S R IRLER S /i S5 A PR e S A R S BT RIS 55

HEFZ

B

Ry=-0.39 = R,=0.39

BS54 5 HERR BRES /BRe™ B 2 T BRI £k

200
. ‘ - - “ Iﬁ
164 B
146
128
110
92
74 3
56 3
38 H
20
R=-0.97 R,=—0.39 R,=0.39 R,=0.97
B 6 555 HERIEBRES /BRI M 2% S8 /R B A
R
]
T
110
92
74 fg
56
38 i
20
R,=-0.97 R,=0.39 R,=0.39 R,=0.97
B 7 555 HERA R BR A/ Bk BT 5% 2R B A
K
ik
i)
BR
=
TH

R,=—0.39 Ry=0

P8 5 5 HERSIG IR Bk e /1R B O 85 ZE R KA

T ERES TIP3 55 2R O R T ERIN T 25 w B 15 w ZEASTCIE, TR 10T 19 1 249 55 JE IR B MR 34
BETCH S BRI P2 85 S8 ORBU BUNE R BBl AE i BRI S ER G AP X B SR BRI R R

http: / www. jdxb. cn



56 L AP 145 %
o (ARASE empREn, commpnn  TRATMBMEELITAE WA LAEE RP
TEREAA 5 TR P R 55 0 1 B T A AR
S ST B W TE 15 AT A, 11 R T
§19 PR R {4 8 T RO 10 000 T F i
Lk UL H o R L 1 W 2 1. 6.
= LS SRS Y B R S BR 55 /B 3 i

9 3 I 7E R F T LT B T2 5% SR AL
3.3 FEA%MH
FE A5 2 W90 38 18 5 A A% PR BE Y — > EE B4R
br. 3 FhER A S50 18 72 AN A 00T I BRI R
Basm b £/ fo Cfo 6T F-Hal 18 1973 BRI R
FO WA 10 Jr7s. I )T B 2 B0 LR
‘ D,
/= 2?52 T
K Ap HIEIEGE H OF R Z 22V iliE s r g
S EE 5 L Rl i i3 ) K R

(3)

721
—— EERE
sal —— R
= —h— B E R
>
~
3.2}
125 0.6 0.0 06 12

P10 3 FPERES A 7E AR R T80 1 - 24958 48 2 i L

E 10 A& H - L T T G T8 Y R 5 R A
588 L3S AR/ s HABSOCA R Ia 1Y) 2 f5 424 A6 —
FEFRREE R WL, ke /BRI 5 R B R BUE RN
1, B < B3GR BEIE R BOE W K w IR B R
A A B 42 R B T kA B 3 A% HLBE & et
[f] B AN [) S TR X k. AR 10 B R a3 E
TEERES /BR300 18 [ A Bk g /K™ 3 3 Y R R
R AR R, s R ZHCT 0T A Rk as /3K
A T ) PEE AR R AR i AR X AN S TR A B Bk s/
BRI A Y B 5 R A e L B R R T S 4 2 Al
18, B < ISR, 322 I T K.
3.4 ZEEHmPIERE

Liu S0 R0 7 Fe 4000 0 28 Y JME: BB 48 A

W R ARG PG RE 1 25 G PERE o SO
 Nu/(f\"?
W‘TP o Nuo (fo) (4)

ARTCrR 3 FiE IE AY 6 S B P RESE B iR
SENEE 11 fs. AR 11 BT Y A 15 8 3 Y 2

http: / www. jdxb. cn

M B8] oK /o T S A T e/ T 3 3
g FAPERE L {IE T UL Y iy A i 3

o UG HK P s m EGSRBT T & Seh BBk 1
~ R BB - BOM R

ot 3R B

(%3

1)
S B P,
2r . S - ] /.
ry L]
r ¢ & Gt x ¥ 3
— .
H ¥ FAL W g
0 L 1 1 J
-1.2 -0.6 0.0 0.6 1.2
Rb

11 3 FhEE 6 AP i 28-S v A
4 %5 B

AR SR P AR UL 1) 5 19 % A7 8 B TR 2K g /8K
L SRR R K /R e RN A [ K/ BR Y 3 R4 A
FIR) R 2 TR 38 30 A AR BEL e e AT T3 540
IRY B2 oy I

(D JpR it BRws /R ™ 38 38 B, 52 Bk 19 5 2%
R X IR 5 114 T % A A0 396 < A6 38 A1) 52 00, 32 2
B AL IAERE T B, BR ™20 XU T FER 8 19 5 2k BT
2 A R R 43 B R 1% 52 0 3 A 1% S RE
RN

(2)R,<<0 B, A w 3K, BRI 5 2 il X
TR /N A5 A BB 55, 3RS Tk B O 3 50 43 B 3
SR R (RS SE R B IX I0Z WG K R, >0 i
BEZ wo (038K, BR Y T BRI 04 9 30 B 08/ IS 4
JRE 0 X TR AR K, 8% S SR B B I I R T 0 5
PP BT T (E A M AR W P 5.

(3) 38 T8 1) A 153 Bk /K ™ R [T B/ BR Y
AT PSP 40555 S SR BN 12230 0 0 A AR A 5 Bk s/ BR
7 TAT AP 478% R B0 KT At 2 Fh. 453 A%
PAERBRE R, 175 LR AR LA AH [F]. w B, 3 3E 1Y
RS- 24 B J2 2R BOHOK L TR B as /BR i A R B R
5 /BRIE I AR T 00T B R R UL AR
R AR 520 300 T 11 PEE 4 2R 0P (B KT 5 b 2 Fif. B g
A T A AP B HE TR B /R ™ 3 A A
G [ K 7/ R o1 30 1) % 4 AV [ 3k /R 1T 1




55 1139

H AT S5 AN TR BRES /T A5 A ) TR e S S e B BEL A A 5 57

p28

AERA R A T Sl £l e

SE Lk

[1]

[2]

[3]

[6]

7]

AFANASYEV V N, CHUDNOVSKY Y P, LEON-
TIEV A 1, et al

transfer characteristics for spherical cavities on a flat

Turbulent flow friction and heat

plate [J]. Experimental Thermal and Fluid Science,
1993,7 (1).1-8.

GRIFFITH T S, LUAI A, HAN J. Heat transfer in
rotating rectangular cooling channels (AR =4) with
dimples [ J]. Journal of Turbomachinery, 2003, 125;
555-564.

MOHAMMAD A E, DANESH K T. Effect of Coriol-
is forces in a rotating channel with dimples and protru-
sions [ J]. Journal of Heat and Fluid Flow, 2010, 31.
1-18.

MOHAMMAD A E, DANESH K T. Investigation of
Coriolis forces effect of flow structure and heat trans-
fer distribution in a rotating dimpled channel, ASME
GT2010-22657 [R]. New York, USA: ASME, 2010.
CARLOS S, DOSEO P, EGIDIO M, et al. Optimizing
of fin performance in a laminar channel flow through
dimpled surfaces [ J]. Journal of Heat Transfer,
2009, 131. 1-9.

LIGRANI P M, HARRISON J L., MAHMMOD G 1,
et al. Flow structure due to dimple depressions on a
channel surface [ J]. Physics of Fluid, 2001, 13 (11):
3442-3451.

MAHMOOD G 1, SABBAGH M Z, LIGRANI P M.
Heat transfer in a channel with dimples and protru-

sions on opposite walls [ J]. Journal of Thermophysics

(8]

[9]

[10]

[11]

[12]

[13]

http: / www. jdxb. cn

and Heat Transfer, 2001,15(3):275-283.
RAO Y, WANC Y, ZANG S S. Comparisons of flow
friction and heat transfer performance in rectangular
channels with pin fin-dimple, pin fin and dimple ar-
rays, ASME GT2010-22442 [R]. New York, USA.
ASME, 2010.
XIE G N, SUNDEN B, ZHANG W H. Comparisons
of pins/dimples/protrusions cooling concepts for a tur-
bine blade tip-wall at high Reynolds numbers [ ]].
Journal of Heat Transfer, 2011, 133(6).1-9.
W R KA Tk, Tol T rh R Bk R AR BURE
PERFSE [T, VU2l R 24, 2011, 45(7):89-94.
LAN Jibing, XIE Yonghui, ZHANG Di. Heat transfer
enhancement in micro-channel with dimples and pro-
trusions [J]. Journal of Xi' an Jiaotong University,
2011, 45(7) :89-94.
ELYYAN M A, ROZATI A, TAFTI D K. Study of
flow structures and heat transfer in parallel fins with
dimples and protrusions using large eddy simulation,
ASME FEDSM2006-98113 [R]. New York, USA.
ASME, 2006.
ELYYAN M A, TAFTI D K. Flow and heat transfer
characteristics of dimpled multilouvered fins [ J .
Journal of Enhanced Heat Transfer, 2009,16 (1).43-
60.
LIU Y H, MICHAEL H, HAN J C. High rotation
number effect on heat transfer in a triangular channel
with 45°, inverted 45°, and 90° ribs, ASME GT2009-
59216 [R]. New York, USA: ASME, 2009.
it

)




