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A Theoretical Study of the Cooling of a Disk by an

Shoji TANIGUCHI, Atsushi KIKUCHI, and Teiriki TADAKI

m X
Impinging Jet of Water
Synopsis :

Theoretical studies were made to discuss the mechanism of unsteady heat transfer in the system used
in the previous experiments, in which a disk of mild steel is cooled at 373K by an impinging jet of

water.

Four models were discussed concerning the convective heat transfer in the liquid, those of which are
unsteady-state model (A), quasi-steady-state model (B), steady-state and constant heat flux model (9)

or constant wall temperature model (D).

First, distributions of temperatures in the fluid and solid, local heat fluxes and local Nusselt numbers

at the fluid-solid interface were computed by model A and B.

It was found that the results of

model A were consistent with those of model B except initial stage of cooling, and that the calculated
temperatures in the solid were consistent with observed ones.

Secondly, distributions of temperatures in the solid were computed by model G and D. Model C
showed a suitable agreement with calculated ones by model A and B, and observed ones, while model

D showed lower temperature than observed ones.
C for estimation of temperature in the solid.

1. #& B

O IIER A X 5 EEFAROGECET /R
—FL LT, Zhi oEiiA-EaMKEORKEESH &
EENBEED oD @B LIt LT H BB B HR >
R LY, ¥ 2-MEHUK-EER RO ER 5T i
=% BERHY, ERINCHRI LY.

A TITETHRD O&G TORBHIER L EROCE
TAHZELXHEBE L.

2. EREFANELCEHESE

Fig. 1 wai» TRV ERFARO EBERLC. H
RERBATHERE 0.(=373K) < R L1 EHFIKE
OFRECARE, XL X b HER 0w O Kx B L TEGE
MARESH L, +OBEOEANRE OERFEL L BIE
L.

TOERFHIUTDOELHTHS ¢

EMAFIR D FE 70=0.05, 0.075m ; E&FIHOE X
Zze=(1.5~5.0) x10-2m; / XA For SEGBFKE
BECoEM H=5~15x10"2m; » X L+ HF d=
(0.4~1.3) x10-2m ; » XAPHDOKDEEEE ve=2.7

From these results, it seemed sufficient to use model

~15.9m/s.
UEo&ToBBBHREYERNCERETLICHL
b, BEMEEKEEOBEANOHIIZATHRY L RRBIHSER
BADCEBTE T, FERBNOBMBENI LR OB
Gy g Lo G TREY L9 5 L RE L. —H
Eh N BN D ATHY LRk, FEEFH 2KT r, 2) B

—.!d/z

Vacuum

Fig. 1. Experimental system for heat transfer?.
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Fig. 2. Temperature profiles (Res=11000, Pr=8.1, R,=37.5, Z,=15).
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Fig. 3. Values of Q as a function of R at dif-
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Fig. 4. Values of Nu as a function of 7 at dif-
ferent R (Rey=11000, Pr=8.1, R¢=37.5, Z,~
15).
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Fig. 5. Comparison between observed! and cal-
culated temperatures in the disk under the same
condition of Fig. 2-4.

120 t=0~310 i3\ T GHEMI & FEPIME & 1xdte b 1
—FHLT5,
32 EFANCHELUVEFIDORE

Y D&Mt ToSBBHBEGuIAX, T VAL
BEFABL LI N EBEIRLRXEZ L EBbRS.,
L, chboEFAMIEMTHS. LA T, Fig.
4 Lh, HAREWEIATIZETA A, B © Nu 3%
Bifitkd Nu iV, £ 2T, Hido I & < [EENERE
REBFHRETFAL (2F1C) TRD TR, FrohK
DD BHEREE T (£5F4D) 2 X HEEHRE D
FHEMES RO TR

(1) BERMNEES AR

Fig. 2 & #1C¥k LD OB E&OREBNEE /A
OHEEE L. b, =01 X =1 Tk
= F A Ck LU DO FERFOFTHIL AT, L
rLFRSIZETA A, B oEEE KR LTV 5.
LaL, =10 Tz 5 A+ DoFERETEFL A, BD
FhivEml, —=FHE=rFrCo%Rffzerr A, Bo
FR I OEL A MM ED HRD, I HICREI R
LT, t=100 5k, =FADOERB LT LA,
Bo%RHLOERIIAE DM, 257+ CLEF N
A, BoZHoERIIZTEERE by,

(2)  [ERRNTRE ORI 2 Al O KRR
L OIS

¥4, Fig. 2 rF--RETFoOHGORE ANRE T,
D ECET s =T C, D OFHELE T F 1 A,
B oLl 3s L OVHTHY D FEPIIA L A Fig. 5 &L

. Bxb, =51 CoitEffizET v A, B oxh
I/, ILrnlEzoERIDEH S, EFN
A, B rAEEENBELZIEF-FK LB, —HETAD
DiEEIzEFAL A, BOThIbKEL, TOFERIX
TOPIDETATIIPEGD, TORDEIATIIRE
{2 Tkbh, FALFTOFREMIcARCILDEEDIT
FPE X D KIS Te DAY B 5.

->¥i, Fig. 2 o &fbEz L BBHCOWT, ®
7 CoHEE & aiRY OEME L% Fig. 6~10 12}t
L.

1

Ry=37.5, Zo=15
d=4x10"m

Calculated values
Pr=81 t=d/2

? T
5\9

0

0 100 200 300

Fig. 6. Comparison between observed and cal-
culated temperatures in the disk for different Re
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culated temperatures in the disk for different Re
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Fig. 9. Comparison between observed!? and cal-

culated temperatures in the disks with different
thickness.
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Fig. 10. Comparison between observed! and
calculated temperatures in the disk for dif-
ferent diameter of nozzle.
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(1) Re,=11000, Pr=8.1, Ry=37.5, Z,=15 o
BEOBEGWNRESAOBERKL Fig. 2 TH 2 bh
D, BERlc 2V R W E XICRE BRI —FKT B, T
MEICIE B ONTHEOLZ L2 T B, L
L, =5FACoIte7FL A, B OfBiTT.

(2) REHEAREOREFELCEET 5 TR O KBRS R
2eFALCTHLLS% (Fig. 5~10).

(3) =FACTRFE-FRMRECK T 5808
IR LIV T, ToEkTETFLC
EFAL A, B XD EEEE KD, Ao RERRHF
FTosBEhicEAL S plHi T AL EEZ D,

£ =
i koksk [J/kg-K]
d:/XAHNE [m]
g t EHmEE [m/s?]
H: 7 XA Toin o MBE R &0 % TomE [m]
hy
Nu

el

: BTz &R [J/m?.s-K]
thrg/2 (%o & FE) [—]
Pe: Reg-Pr (=2 vix) [—]
Pricou/2 (75 v+ ¥) [—]
Q : gtz (Eq. (200-(a)) [—]
gr ¢ BT [J/m?-s]
R:rfre [—]
Ry:ryfrg [—]
Ry:rj/rs [—1]
R, :rp/rs [—1]
Re :dog/v (V14 /7 v X$) [—]
Reg i rog/v (VA4 2 A X¥) [—1
r o RBEROBLHSEESEMOBEE [m]
7o : AP MDEE [m]
rj i gk AKHEOEE [m]
Ty WHEEBOHEHBOER(=d) [m]
7o WEREEIREE (=(d/2) (1+6€)-Y4 [m]

T: (0_0w)/(00_0w) [_]

Ts : (ﬁs—‘ew)/(eo"‘ﬂw) [—]

t cmpl [s]

U:ufos [—]

u P RFELMOEE  [m/s]

Vivfes [—]

v fAE L FoERE  [m/s]

vg : EZEREMETEIE (=ve(14+£)V2) [m/s]
vt / AANDKDERR#E [m/s]
Z:z/rs [—]

Zy: Z/rs [—]
z:AEAWREmY> SEEF L ~oEt [m]
zo: REAFEDOIE X [m)

FY v LF

a : KOBIEEE  [m?/s]

agr t ajas [—]

ag : AEEH O spigc®E  [m?/s]
d:6/rs [—]

J:ERBOESX [m]

p:2z/0 [—]

f: Al tokoEE [K]

G : ABIHEKOYIIRE [K]

0 HEMERomE [K]
Op : / XANDOKDIEE [K]

2 Ko zEE [J/m-s-K]
AR A2 [—]

At REAW o #M{RiEE  [J/m-s-K]
PO EREREE [m?/s]

P 2gH/v? [—1]

Tagt/rt [—1]

o Jp

x #ik
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