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Numerical Analysis of Forced Convection Heat Transfer
for Turbulent Flow in a Square Duct with a Rough Wall

Hitoshi SUGIYAMA, Mitsunobu AKIYAMA,
Masashi MATSUMOTO and Masaru HIRATA

Experimental and numerical studies of heat transfer for turbulent flow in noncircular duct with
rough wall are few and far between. In this study, numerical analysis has been carried out on heat
transfer for a developing turbulent flow in a square duct with a rough wall using Reynolds stress
model and turbulent heat flux model. Calculated results are compared with the experimental data
available. The present method can predict well the mean flow distribution and temperature distribu-
tion distorted by the secondary flow of the second kind. From calculations, the similarity which
appeared between the mean flow distribution and temperature distribution is not observed near the
smooth wall facing the rough wall, while it is observed from the experiment. Although the local
Nusselt number of smooth walls are understimated by the present method, the production terms of
the normal stress #3, shear stress i« and turbulent heat flux usT’ are in good agreement with the

experimental data.
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M 13 usT', — thus OZAERIFLIK

44 EHHBEBOLILE MBI IC BT 58
ki, BB weT W KE KIS, —
WEMBTRE . T OERBEIZRD LS KEES N
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Psr= “(7ﬁ"gj(7"3+ us T7 g)(é
9T 7/9U3> Dh o
+u1u3 aX1+u1T aX} ug@b (8)

ERizBWT, BEHSKES > THAE 1EHLD
PH1, PH2, PH3, PH4 ¥ U C&ER KT,

RED PH1 #EEBR EIE LD TH B, 5tE
FERO PH2 bABICRY, FFEICBW TR, PHS,
PH4 3582 REEBICHE T 5 7:01313FHEERL,
usT' DERICEST 201 PH1, PH2 £7% %, PH?
i3, [ 11RY P2RARE, b3 Efis A UELEE
R T DERCES T 560D, PHLIE XA
BTk o, SHERERIZ, KB REFC PHL 2 FHIL
T3,

7o, COHRBFRE T &, FEHICB T2V
A NRIEH — wus £ 1%, HEEED 5 OEBBHE,
BEXICRERRELRIZY. K131k, ZO™MEOH
BEMBROME2HERLIDOTHE, EENLE S
T 5 EMBIZTERLTED SN, BE 2B THUME
MR- THB EFunEELY, famed, S
4 U ERATERFSHEBERL, EXERNICIZEFELE
FIERL TS, BIERTIC BT, HES RS
WHERLZETLOBEMN LW EIZ D W T HRRET
NYLBE LB b2, BEOENERSLET 2 2
EEBIRERIIREL TR bDEEZ NS,

5. #&

E

—HEHEEEE 5, SEMBAS N EAEKHEE
AROBRGERR 2RI, VA1 / NVXIETTET IV,
GLBRERE 7T v Ay, BES, BRESOBETH
AT 7z, FHEWCEL TR, BIEREE2E T 5 FELL
e LUTHT T o, SHERERIE, EHH® OER
R BRI T 2 2 L L ROER BT,

(1) HES BRESOMEB 2RI U/Us £ 0/6;
ORI BT, FHE, HEEICRE Y S BT
BCBLWTHIFHEMM 2RI ERE LV ERERLS
HBRExo .

(2) MHERBOSEEE ORI v 2L
,FEIL, ZolEE/NSSEBLAERE o120,
Ry v b B ARORHERR R EM IR L Tnw s, E
BRERRIZFERE S —ERELT, SHEIZBWLT
3, —HRHEEE L THEL TH 2 A BRTE 5,

(3) AAXNHELEICB T 2EEGH of O4ERE
Pu, ¥ AWIET — wus OERE AR T 5 P2 H
BW, 581G, EREL FTEEEWMAER 25
7eds, I AEAXFREN LR ) 2 TR 0%
HOEICERAL T3,

(4) HFEBELE T, ELIRBWRE s T DERH
EHRTHY, HIEK L 2 EEMEEMRERL TV 5,
COEMBATRROENE LN T 2HD > 5, PHL
DBEEWTHY, THEIHENRFICZOEY2 FHIL
Tnab,
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