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The Effects of Two Dimensional Thin Wire Placed within Laminar

Boundary Layer on Heat Transfer in a Flat Plate.
Shigeru CHIYA and Kenyu OYAKAWA

This investigation was carried out to clarify the effects of two

dimensional thin wire, placed within laminar boundary layer on
the local heat transfer rate using two dimensional wind tunnel. The
temperature differece between main flow and the plate was made by
heated plate under the condition of a constant heat flux, and from
its resalts the local heat transfer coefficient in a flat plate was
calculated. especialy the thin wire was attached a flat plate, we
measured the intencity of turbulence by the hot wire anemometer in
the boundary layer and main flow.

Comparing the results heat transfer and turbulance, we found
that the intentensity of turbulence and its region were larger, the
local heat transfer rate in its region was augmented, and laminar
flow was transformed into the turbulent flow just to behind the wire.
and placed in the same condition of gradient of velocity, the wire
diameter was larger, the local heat transfer rate was more increa-
sed in the region behind the thin wire. However the wire diameter

was in certain size, the velocity gradient was not influence on heat

transfer.

1.F K

BHRERBAICEP NI NBBICE LITTHE
BT AMIEIE, BEEAR LWL ) LHERAS
EERBET L ) ERE L EBEMIC AN A, 1930
ER Shiller it ). FAEicswTiREY L
Lo THRI L ENTV D, —~HERTEDOFFHICE
WTIIBRERRE A Lod B R LT, iR
AR R W NP ¢ T:OINE )R- (NSO =i

%4+ 1197544 308
" PRERA B T SRR At

HRLEECHEEN T B0, ZTOKRIAFIIELHHE
RE2BMOB->230THb, EEEEMILAY,
FRIERBANOEEDRNR L 2MECHENT (X
—ERELZD T 03, BEEGEIC BT S R
LR BEEZDZ EICE), BREREL. 21
ko THRERDRELHFEL LI EVITETH
b, BIZEZRERLDHZ LV Z LT, FNERE
B L2LDTHEr2HLLITRE L L% W,
SWAICEREFACLI L 51X, BIEBEL VKB
PHEIENDE L) T EiF, FELSEEL THEH,
NBBARE - T 29I ERRICERANS FEE)IC



2 F&, B BREFRENIC AT LM 74 X — 2 RE L 2B ADRLENER

L£BNThD, HENGEERTSH ), BEHHTE
Bz k- THIRE 0 AT L LIRRBOWRK (K
LA —HMORT) 2VrIic B, LT
e LKL, &) BMMEZOMBTH . 2D
rOIRENTHRE BT A LS. BIEEICILNE
52, 0B ORGERRBMCECBLRY .
FTCITTRICEBE v, Lidts THICELNAR
FrEc k& ¢ Th . 208Uk - THRFMEE
FTHARE BLRD 2 EAMRL O ETHIE, BT
ERNEIIMFTES, £ LEANOBHAIERIZK
¢, BYORENZEIANVRAL I ESTELVE
THIE, PR OBEEOKRL D Z L IMETEL W,
FHEN— NI EREREREAIC 2 KT S 282
FCHEEE¢, HEDBERLEALLE ¢, HEES
B THLNLBRERBROEE, HEERL O
ZHEL A /LB, Rek % 218 (Rek =300) %
oL LT iR, SELR~ BT 2R TN B
FT BRGSO RRE 2 8% 3 = X 2R L. %5, Dryden
FILLo TRENTVRHRADFL N DERERE 21
VBT B 2 2R LY R BE I EIRE R BN
122 KT LN T A P — 2B & LTHRELSBE
2, FOMBIZ Lo TELRESRRL ., B 0ELFI
BT LERICBIT 2 CRBEEBETC, R
—EIZ L. 2K LT 4 T — R (EZREICES L
RBA, GREL ) EREEIREL2BACONT
BESENEREIT LV, FNEENSHENE LT
BILETHEELLE,

2. B 5

X ‘A HEAOHERE (nm)

Y EA»soEELEMEESE (om)
Uo © Fii#EE (m/s)

u I RETEE (m/s)

v DELUES (m/s)

Jia’'? : Root-mean-square

K [ ZXRE#s#v7 4 r—nEE (o)
C 74 x—rEmEEDOMKE (mm)
Rex : @ffrv 4 / VW X¥ (U= . X /v)
Nux ! BT X2 b % (hx. X/2)

3. ERRERS LU, EBRF &
AEBRICHW L EEBEOMEE % Fig 1 IR T, BirA

BTN 9 RIELRHIE 2300 X300m T, £ Nk
2(21800mm T H %, HIER FARIZATEE > v — 712 L,
FRICHL ThTrANEI AR LYLiIcL, R
BEA 550mmiE A L CEREL 72, EREEIR 9.7m/s —
ETEBET- 2. ZOBoEFHEIL 0.4%, BR

}(—— 1300 -——afe— 900 > —— 1500 s 1100 © e 5005 1000
. H

= |

Fig 1. A experimental apparatus

BROBERL A /LXK (Ret)y=2 X10°T, 2o |
W TOEE I FAR L0 SALEIC BT, S
REERE F—-BTHEL., BRERBOEES A
(Blasius D)L B —HBT 25 Z L 2Hr O +o%
EFELTw3 RIS X=100mm, 150mmD &Iz, 2
KTEW M7 A T — 2 RREICHEEL 2L, B
B - ORI % C=0.5, 0.85, 1.0, 1.2, 2.5mm|Z&X
BELLEHEEIODWTERET» 2, BHICEALL
BWAICIE, BELY 0.2mnfBic BT 2ELWD TR
FaElL, ME TR THY FRElnsA. £ 2 RHr#
BT & Kb fz, BEEE ZKREH MW7 4 v —&
ISR B 2 HAICIE, RATBRES O AKD,

B RTHLEC7 4 —:LTE, F4ar74
Y-t HRERAC, ZOELXENF10.65, 1.2me
£ 1.0, 2.0, 2.3mmg & L7, RIEMEATRKE L TIZ,
[ X 15mom, 1E300mm, £ 2 1000mm H~—7 F 4 MRIZ
H20un27r L 2BEEAL . BERERLZEL 2
FR—ENOMBME & L 7z, (R RE .08 ED
625 FNC AT > L AENEEIC N> FfHF E 72 T0u
D Cu-Co B L » 7z, H BHLREICIZMAZT %
FF, AT AT L ) BEANDOBIARORRKICE
Hrze HBSHCHIC L BRBEIL 1L ZLUT 20 TESR
L7 BMNEICBT2HEEN LY. RATOEmIEE
Tw %2Rk, BFAGERMxIZhx=q/Tw-T= & ) K>
72, TZTT=: £ifRE. ZBHKkE L TzRAEH

Wiz,



HER AP

4. ERERB LU, EE

1 HEsA BREAENCEINZHCT X
— (ZRICHHE) 12
W7 4 X —DEEES D H B Iz, FREETETED
WAz Sk b, MRIEE~ & MR L 72 %, B
LIEBABETIRBOENRIC LY . B ELRA~E
BT 5, BETIRIC, ALNAKREITUITRE VR, 2
BRI AT R, BRAOBATIZR
(b, ZRITB M7 £ v —anZEho i)
BWfE, £NT7 4 X —DfBIL
AENbKRELD), FOTRTRLEZLICELNZEEL .,
MILETCOEHRANE XD, TobbHMIIC > THESR
ENDENY, METHRCHNOBEFELERZ DI &P
TERVENENTH B, 2Ok ) kiBald, BiEE
HELHREBRICLLEZNER—TH B, HHEIC L
TEL 2N T, Sty S EEns
RO, MBTRTEMBEL RN Z 2 TOFHR
AN ZOBBRIEHINLBEAEEBL OV, A
SHFT, BRE L H2EEYIFAELT, HSERETIZ
CHEL RN T CICBBERBT 2053 EER
EMES, B HSRECL) ML AL L ZH UK
K/v=Rek>300 % 2& HEDMELNT CicE
Bhrfiabtd, £ TTRENLHANT [ r—%2F
WD & O X =150mm O FIC . B LIcHEEL
L. Z0&E#0.65, 1.2mmg, 2EOHPAICOWT M2
TRTHEMEDRE 54 % Fig 2 1o T.2 2 TRk

Xy 150ms

K 0.65mm
5
X 5= 1528 155w
o) o
o

Fig 2. Distribution of mean Velocity for a
different wire diameter
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Fig 3. Local intensity of turbulence fluctuations

near a plate (y=0.2mm)
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Fig 4. Local intensity of turbulence

fluctuations for Y direction
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Fig 5. Effect of the diameter of a wire on the
Local Nusselt Number (C=10)
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the local Nusselt Number for X =150mm
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Fig. 7 Effect of the diameter of a wire on the

local Nusset Number for K=1.0mm
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and a wire on the local Nusselt Number

for K=1.0mm




6 AR BN BIRBERE A ARl T A v — 2 il L B AN BRIENKR

0.85, 1.0mm{=2TIFRELV, 2N &k X=100
m){7E & B L THERBES Lokl 4n | BB
TYH, ZRITGHLTA - RERABAL LI ET S
Tk b2 <, BAFT M FR 2 3B THK
@Y AL BEEIC A TFRAEMA~ RN TIc
A e BRI AR THEAL . BB/ E B EITIER
NEVFZLNZVLDEHEEND, DEICFig 9i2

T T I T T T
104k Xg=150mm ‘9/ i
00 K =3.2om
8 L Y _
6 | 4
w4 i
z
Z
2 .
108} -
8 - 4
- 4
i 1 | I 1 H | i
10* 2 4 6 10° 2 4 6 8

Rex
Fig 9. Effect of the Clearance between ea plate

and a wire on the local Nusselt Number
for large diameter of element
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