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DNS study on turbulent heat transfer phenomena of jet on the wall
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The objective of this study is to investigate the structures and characteristics of heat transfer phenomena with
two types of turbulent wall jet flows by means of direct numerical simulation (DNS). First, the turbulent wall jet
with heat transfer along the wall is carried out by DNS, in which it is revealed that the large turbulent structure
in the free shear layer appears in the spanwise region. Thus, the effect of domain size for turbulent statistics are
explored, but the turbulent statistics are slightly influenced by the domain size. Next, the turbulent impinging
wall jet with heat transfer is conducted, in which it is observed that the thermal boundary layer of the isothermal
wall condition rapidly develops as compared with that of the iso-heatflux wall. The second peak of the Nusselt
number is more clearly shown in the isothermal wall conditoin than that in the isoflux wall condition, because of
the increase in wall-normal turbulent fluctuation in the region away from the stagnation point.
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Fig. 1: Schematic and domain of flow field: wall jet
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Fig. 2: Schematic and domain of flow field: impinging
jet

Copyright (© 2019 by JSFM



Z 2T bd a; AAOIRGTEER D, 0 IXIRITE,

p XIIRTCIESTH 5. T/t IXIRTCHRRIT, 2 134
Emwﬁﬁm CMBEETH S, LA VRBIE, REE
I UTERIOO2ME D %, REEEIXER DD LS
WE U, £7212V, L UT, Rep, =UpD/v=5670 8 LT
Rey = VyD/v = 4560 L LT3, REICDOWTIE, %
TEREME TR AIRE L BER D2 AO(= 0 — O1,) B
W, 0= (0, —0)/A0 & LTHX{LL, FHRARES
PECIXIER OO 2N D, BEMEGEHR q, & BVZER )\ %
W, 6= (0—01)/(quD/A) & UTHRTLLTWS.
TV MV (Pr =v/a) iE, FFEIRKIZZEKZEE L
TO0.71 & U7,

X 1 ICEEMMER D, B2 12 2L O G E RS G O
RS B & i %2 TN aRd. EFEE, oA
N—EBTHR I Nz —FRiRE D2 FEEILM 2 A S &
5.%@@ﬁtomfﬁ,@mDWDzoﬁg%ﬁ%%
#: (Iso Thermal Wall; ITW) THIZAU 7=, H2EEFRIZ
WTI, fEZEiEt H = Dtb,@ﬁﬂ@%uéwD_o
LT, HiREESME: (Iso Thermal Wall; ITW) B & O
LEBGRAREESAE (Iso heat Flux Wall; IFW) THIZAL 7=.
HEIGBIRRMIE N T4 N, EFHREEBE B ICREmEIZ
BWTTROMEL S, ANV HANC IR SR M %
RE U, £72, EFHEECIE, BEHRERO EJGEEREM:
WCHHITAND &M%, @EY, REGILITRESMEL L
TRHRFE & E T NETNRELE D,

DNS OFHEETIF AR H— KT 2\, v HHiE
FEMEE T2 LT, ZORTREBITE R I N D& 1%
BRIE %2723 X DI U7z, BEMIER O FEFHEI T AR
WWZNTETN 2 xy x 2 = 512 x 352 x 128 M ZfliE L T
#2300 5 8, EEERO EFIEFTEAMIZENTN
T Xy xz=2320x96 x 96 ;A ZHEL TH 300 T, KN
FTAN=EBIE 2 xy x 2z = 128 x 96 x 128 £LDHI 160 /7 5%
U7z BHRAF— L%, W OBz U Tl %
EMEEBREUZAREDEE Y, RREREOBR I
1, XRIEIZ1E Adams-Bashforth 7, #&PEIEIZ 1% Crank-
Nicolson 7%, ZEIBESIZIE 2 IREEREROESE, EHED
NEJEHGD A v 7V > ZIZ1F Fractional step % W

u'f'ﬁ%??’)fb\é (4).

3. HREER
3.1 EmER

B 312, ERAMEEEES S L OCRKEED 2 53
D1 DHEEE LBy HiAES TH DA by /2 DA%
AT ANV ORE MR T 572012, HEES % 3
DDLD z/D =16 & LEHEORESHITRT. @m
DOWNJE B & O/ E O HE 73 A & AfE L &4 TUE
BUTEY, MEHOREREE 5RO FEIC ﬁTéZN/
DEEINSVWEER D, &b, PEED LA 0.0344
T, Schwarz & () OFER (b5 = 0.0678(z + 11.2)) &
DINIWEE > T WA, ANV HAEBY A XD %
BEHUSHAS720IZ, ZRAMEELTHO ANV A
BHEBEODH 2K 412mRT. ANVANIWE, —
BIDEDY 0 127D DERHED R o TWB Z D35
B 512 ES O BRHGE O il S L& & R T, ANV
A 1 2 &k > THBD R b ) — 7 B D g3 5

% 33 BRERGENE S Y RIT L

All-5
=7 O by span 1.6D 0 1
U/'Ub —'-—b1 9 (Schwarz)I : soan'4.8|D —

-byI/DCD

N

8 .x/D. 12 .

Fig. 3: Profiles of streamwise mean velocity
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Fig. 4: Profiles of two-points correlation of streamwise

velocity fluctuation

_gp,@;%:& :
el Pt LT S 2 ._,:it

(b) 2/D = 4.8

Fig. 5: Streaky structures of velocity field at y/D = 1.0
(red: w > 0.1, blue: u < 0.1)
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Fig. 6: Distributions of local Nusselt number (wall jet)
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Fig. 7: Distributions of local Nusselt number (imping-
ing jet)
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Fig. 8: Profiles of wall-normal turbulent heat flux
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