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Heat Transfer Performance of the Thermal Entrance Region of

the Narrow Ribbed-surface Channel
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The heat transfer argumentation in the thermal entrance region of a narrow
rectangular channel roughened with repeated ribs was investigated experimentally for
removing high-density heat generated in a solid target. This solid target works as a
spallation neutron source coupled with a proton beam accelerator of 1.5MW power.
Experimental results showed that the thermal entrance region could extend to the range
of 50-60 times as long as the equivalent diameter from the coolant inlet, and that the

heat transfer coefficient in the region could be estimated with the Gnielinski's correlation.
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Nu=0.416Re**Pr®* ; p/k=10,H=1.2mm
Nu=0.434Re*%Pr®* ; p/k=20,H=1.2mm
Nu=0.384Re*Pr®* ; p/k=10,H=1.2mm
Nu=0.365Re*Pr** ; p/k=20,H=1.2mm

, 1.2mm
, 1.2mm
, 3.2mm

, 3.2mm

(3.1)
(3.2)
(3.3)
(3.4)



JAERI-Tech 99-019

4. BhEXME DB EREFHE

4. 1 HETIVESRHEF

By —5 sy NNOBRES % K 0BT 5720 IC3RB KO BEER S M. FFICH
A LEEOREMEXBORZERSIMENDLENH D, THIKDWTHRRT—F &2 KEMk
WMTEBRTSZE2RA . MITETIN 2 Figd.1 1TRT. BT BREABEREI—RO
ABAQUS-Standard & Wz, DATICHATICHA L= EBREH L. BITICSZ > TOERGH -
NI A=FITDOWTRRS,

(1) MR LU =EREH
FHE I IIZBEY—7 Y FORBRBEZEZEL 1.2mm DWW TOHTH 7. Re DRI FIFHR
T3 13086 & 21732, ) T DE Y F p A3 2mm DFEE (p/k=10) TiX 13789 & 21100, U7
DY wF p M 4mm O (p/k=20) TiL 13841 & 22221 D 6 BEDITDWTHEMN Lz, WAL
HORMIIT T 1.5MPa & L7z, 2B, EHETTTHT I > ML (Pr) FoXMiEEIE
EAEELLRW, —H., BAMOBESMIL. FEARNIZH > TMEEEA 05 &m0 E
THRIICE(L S B LR OEREZG 2 F DB D% Table4.112. U 7O E » F p A 2mm
DB DEBSEM: % Table.4.2 12, U 7D E Y F p H¥ 4mm OB DEBSM % Table.4.3 IZFN

R,

QBEREH: - NTA—F

B ROERFARIERBEOREBIIEOE T, RO 4 EEOERSMY: (M B1~B4) %5
Al IR A—5%280. TNENLUTOLIITEEL .
@Om B1

BHAMAO TV FLARCHOT L FACELZHS TH D, FEREBOT L FLREDTHE
HAUNE W28, HAMEHE TRIRBNERSOBAMBERH DD EHERIND &6,
M HRBMREO R 2 5 A Tz, BYRERIZKD Dittus-Boelter DX @ TH X 7z,

Nu = 0.023Re%® Pr®* 4.1)
@ifi B2
LAWBETHD., REOXAIRICE > TUTOLDICERGEEE R T,
(a) TR -
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FRTZENTES, £ FAERICBVT 2BERBIIEHERRE. U 7T EHRE S BICHMmEE
De D#1 50~60 (ERETH D, 72720, V7N ERBOBRIETSDENKENDT, S5ITH
Ex LT ERETV,. VUTOREBEZHASHIITILEND S, BE. dREOKRIZEEED
TW3,



JAERI-Tech 99-019

(V)]
it
il

1) T = AR TR DR B ER BN BT 5 BUREREIC D W T T ORR 2R,

(1) FHBHE 1.2mm ICBIF B EKTE S (v/De)& Nu HOBIRIZ, FRLHBICHT 2R EME
X [ D B mE R 43 4 % 23 Gnielinski DR TIFIEXRE 5.
@) BEERISERZTE. U T & Ek=10. 20)&DICEMBEED 50~60 {GRETH

277,

TOLOINKEEAEBTIAT. 5%, REPERMIIOWTOERBERERT —4 224G - BlF
L. BHBREEY —7 v NORBEFRFIIKBL TS FETH S,

A

A2 EEDBHITY0, BRI SR SRR AR B OME R 2 KOFERIY)
Ex2BOELE, IIKELTHEEZRLET.

S 3K

(1) BEFEFHRER. “PHTFAMEL 21 O ZEFE T —PEFRERAEE - (1997

() H¥F i : BIZERE 75 WEHMARMHEE. Vol.VI, pp.514(1998)

(B f: “F—4 v AT LOBBRE — O AT LMK —" JAERI-Tech 97-035(1997)

(4)1.M.Shafiqul ftt : "Experimental Study on Heat Transfer augmentation for High Heat Flux
Removal in Rib-roughened Narrow Channels”, JAERI-Tech 97-032(1997)

GYHABMFRM. GRITFAR YGTH 4R (1986)

(6) Gnielinski,V.,Int. Chem. Eng., 16-2(1976),359



: KNS E R [m)

: ZEEE & [m]

s Xyl M
752 RVEL

U7 DOEy Fm]
LA VXK

: PR AT 1R AR [m)

: INBAERIE & 5T FRAR [m]

JAERI-Tech 99-019



JAERI-Tech 99-019

Table .3.1 Experimental conditions®
Fluid Water

Reynolds number 2,414 to 98,485

Flow velocity up to 25 m/s
Inlet temperature Up to 15C

Heat flux up to 0.4725 MW/m®

System pressure up to 1.5MPa

Flow direction Vertical

Flow condition Fully developed turbulent flow
Heating condition Uniform heating from one side

Table. 4 .1 Experimental Conditions of smooth heated wall® (Channel height : 1.2mm)

Reynolds number Inlet coolant Exit coolant Heat flux
Temperature C Temperature C kW/m?
13086 11.46 12.51 154.4
21732 12.23 12.99 120.0
Table.4.2 Experimental Conditions of ribbed surface wall®
(Channel height : 1.2mm,Rib pitch : 20mm)
Reynolds number Inlet coolant Exit coolant Heat flux
Temperature C Temperature C kW/m?
13789 8.47 10.29 364.0
21100 10.38 11.72 364.0
Table.4.3 Experimental Conditions of ribbed surface wall®
(Channel beight : 1.2mm,Rib pitch : 40mm)
Reynolds number Inlet coolant Exit coolant Heat flux
Temperature C Temperature C kW/m?
13841 10.93 12.67 304.0
22221 12.80 14.34 389.0
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I Test section l —>-

)' ................................... Filter
GO, | —
—><H |
—><H
Differential (&P D><H
pressure gauge —><H
> O \
—><H
/ DC power Cooler
supply )
Heater S
T 7 —
Flow meter
— —\ Water .l___
N—
~1.5MPa

@ Thermocouple

® Pressure gauge

Pre-heater

Water
tank

Water pump (e \ J

Fig.3.1 Experimental Apparatus
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Glass window

Rib-roughened /‘ J)as
surface o e

Heater element # ~
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- Thermal
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Fig.3.2 Test section of simulated target
cool ing channel
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Fig.4.10 Local Nusselt number distribution in thermal

entrance region (Re=13000~14000)
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Fig.4.11 Local Nusselt number distribution in thermal

entrance region (Re=21000~22000)
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£3 EHOFHE 6D ST EA i IR
x4 SI&HicHEMIC L
- 10 + / n
5 %o |as |ROSPY T O I
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&/, BT, wEH (K + b V| WA [V N R HBLT 1 uDfiiiz CODATA D 1986 F #42
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1 0.101972 0.224809 1 10.1972 9.86923 750062 x 10° 145.038
9.80665 1 2.20462 Al 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ 1Pa-s(N.s/m?)=10P(#7 %) (g/(cm-s)) 1.33322 x 107 | 1.35951 x 107° | 1.31579 x 10~* 1 1.93368 x 1072
FISE 1m%/s=10'St(R =7 2) (ecm?/s) 6.89476 x 107 | 7.03070 x 10"? | 6.80460 x 107* 51.7149 1
| J(=10"erg) kgfem kW= h cal Gt&#) Btu ft « 1bf eV 1 cal = 4.18605 J (it #ik)
+
w 1 0.101972 | 277778 x 1077 0238889 | 9.47813x 10°* 0.737562 | 6.24150 x 10" =4.184J (#fLF)
s
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ft 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (R &K )
H
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10°2 3.08747 261272x 10" {4H% | PS (LE )
" 1055.06 107.586 2.93072 x 10°* 252.042 1 778.172 6.58515 x 107" - 75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10”7 0323890 | 1.28506 x 10°? 1 8.46233x 10'* ~ 735.499 W
160218 x 1071 | 1.63377 x 1072°| 4.45050 x 1072°| 3.82743 x 1072 | 1.51857 x 10" 22| 1.18171 x 10™*° 1
hind Bq Ci N Gy rad ;] C/kg R o Sv rem
o I 8 it
1 2.70270 x 10" & 1 100 15 1 3876 i 1 100
i3 "’ H &
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1
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