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Heat Transfer on Slot Film Cooling for Convergent Nozzle

Yong 1l Cho - Man Sun Yu' + Hak Jae Chung”™ and Hyung Hee Cho™™

ABSTRACT

A study has been conducted to observe the slot film cooling effect on a convergent nozzle wall. The
slot film cooling is used to protect the nozzle wall from the hot combusted gas by the coolant injected
from the slot around the inner wall of the nozzle. The film cooling effectiveness and the heat transfer to
the nozzle wall are influenced significantly by the blowing ratio of the coolant to the main flow and those
are also influenced by the shape of the slot and the flow acceleration in the nozzle. In the present study,
the heat transfer for the various blowing ratios has been performed by the experimental method and the
results are compared with the results computed by the empirical formula. The numerical method has been
conducted to compare the film cooling effectiveness of the convergent nozzle with that of the cylinder. For

the relatively low blowing ratio, the cooling effectiveness increases sharply as the blowing ratio increases,

and the increasing rate slows down for the high blowing ratio.

x &

2o ARIIEERE kE EWE HIEY] f8le £XE FI9 Y2 fAE BABle &% ¢
Yzl thate] Aratt. WZEE E 48 54L& FHEH 24 {59 A& we aA 2
AW, FAUE D FE57HE] JME W 53] AHE e o B Apdse 489S
T3t Fa=EAAM EAME HEd mE £F 0¥ XY 548 uFdn, B9 % g A
e AR vustgen, FAMNNE Fid F2=E9 d¥BAM YFEE 2 dd2 EA
= HuEdrh FHHoZ W EAMS A EAME St wE WAAa &S Frb 3A JElhgen,
YA AR oM E ¥4 589 St A ESEHAT

* A d)stm i3k (Yonsei University, Graduate School)
LG Y (F)E T+ A(LG Precision Co., Ltd)
**A st 7)7 g2 (Yonsei University, Dept. of Mechanical Engineering)



M5 13, 2001. 3 o =5 AdzroiMel EHe S Ea
71 s M9 o] 23w olo] #F U9 AT AFs} B
R 1=
) Papell§1),2)& 32547t 1e) F8-5% ¥
D =EET AA(= 25mm) fsg:};ﬂ —E.;)A})E]E— HE 2o 558 Eato]
L ERORVH ¥ 2EAY 4378 BAstel £ 234032 F93%
M TAHE o 53 &29 Z(1/161/81/41/2in), BAIE
R =g &7 W7 S& g M EA A8 F9ET,
Re. — Reynolds & 492=E 3YA 4 A4S mE 3%
S £ & % o](=1.5mm) 8 DAL A&F QL AN AR
T il e £2EANT 485E Holme FPVE et
T, — HREEs dre BA8E AUtk Seband) e &% Yol
Te FhHE L& Zolo] & stEgFdAe Bzt L o
U. WA &% TeATh €% HY Aozt L AfolE 2%
U, FHE SE B0 BFYH SEFEES AT BAH A
X AAZ W A 859 44 9ol wte Bdz 5ol 9
7 dras AR A =, 7 ALelE £FUe GBI}
L, Wzkg-A A4 A ARA Bk Slvasegaram4)° el FA9 F
freo 24% AAAS 5ol tg BARE(E0T 600 ,90° )ol
0. W7k sA4 4= FE554E &g, €9 FAMN € &F
Peo F84% U o] 025¥1 % Z73te FAA 2y Agol
#2303 71483 A Farmes)5-& 244
S22 5% %P7 Fgol YoM, 35 o 7
AlZto g BANE e HERY &£ shaping
1. M E &% ko] A7t AA(liquid crystal)
S o8P o% ZHOE £F HF HEAY
a&e] daztaedl A =FHE 24 =5l eER8E s 8t JERQCm, transient
U Zkz=EN dad, BARE FAA 1A ® methodE Atgate] AAY A4 2 vrdyw
W HEsta HF £92 ARy sk 8L 239Gtk Mayle6) S &8 izt
BE A7t ol oA gtk I d7M &2E QoI WAEE FRAATE FANHOR HY
Bote] 25 AAF WRE BA4RAE B FozM GRAAZY o] gy T Lo
Absted ne 9] FREH A B Atold v nxE 9ee uFsYo ], Nina7)Se 1370
9o gJAste &F ¥ z(Slot Film-cooling) o] 228 Wity 53} 22°C, EALS 0.
gHE = 5 st 3 ~209e) AYZAL HEHL FEEAE
=2 vhgzt SyolAle] gzt iﬁ Fe @159t} Wieghardt8), Eckert9), Tribus10)
AXEE £ 34, BAMY, F45d dg Zeo AA=TAL JwoZ o izt 58
BAL &xu #gt ol o) 2 —Jr g o of & APAL AAsH ) Stolleryll) s
B &2 ol dF Fo ArRors W

He e &gy -2k (adiabatic wall tem
perature) ¥ HAHY A 4 (heat transfer coefficie
el 28, % &7 2 HF MY 23
3 3R &5, 2=Fd F AEe o5 F

24450 FRET BRSA BAHE SF0
A gl A% FRE AASTA By
agel MR Gl daA Aram, AAS
mdg oz sof Pz g U@ 57



36 =2Y - UM - HEA - =§ 3 Bt FEIZ SIS
g A4S AASET 23y BAEF 2d =33
7Iuke] AP Eo] fF FAol ﬁﬁ]v 5%
FASE &5 &5 o XM e HlwF F go Orifce flow meter Heater
4, MELEs} 2% f5 ;9} 2A A% T . Mty
FAHE T04 2o 499 walljetd vl 9 L mf\l o
FEEHAS Hole €% &7 7 RolAe e SRR
Hgo] 8L BALS AYm ok Kutateladz P'e'""d‘a"\“' O Tetrze]
es} Leont'evl2)e €% &7 ZHAME FHE :
g de #HE AEAE AAsE
&% Fyzeld Wz 5& 2 gAY 54 T
& FHEH 24559 BALY wt 2A @ s e
HAY, Fd Hi 2 {F571E50 JHE Fig. 1. Schematic diagram of experimental
Z+ ade ®gE 714 A Eth gEx £ apparatus
AroMe 48 53t BHuL 161 ¢ F
2 EE4AM ¢EA BHE AT + ‘Rl% f TF7187 kw)g ¥ T8 ¥z fAe
55 By WA EALE wiste g g WFNE FHAA FY 5o #dsA &
izt dAg 4L n@dsty, Pu g% ot AR, 2V FFAE B3l FFS &
Wz Ag2e] Aue v stQo, ¢4 BFaHon, £& FHo 9F wFoz 4A5
S B3d 4229 d¥dAMY Y4 5 & oJde 6709 FHE Fatad &R FYHo
2 dAG EAS vlugo gy o2 HEEA 5 HYPA EAHEE sgon AT
o} o] a5 278¢] & A)(Thermocouple)S o] &
g YA 258 EA4I}AY =58 161
o] WA FEHE 7HAY, =& WS weh X
2. AEER 9 YWY Hoide 12709 dAti(Thermocouple) ¥ &
Hl S Fobod ¥y &E 2 gt g 2H3go
2 AL EANE e R M 2 g3 o, SRAEAFI F& 2mmFA Y otAY-S
go) me &% Thiz B8 0 9T 54 o188l AAHAD, A% HABAE v
3 &4 & § UAEE e, AFHAE o] 9gyE 208 PAIH Fig. 2 =
BT 3712 39t Fig. 12 484X M EUE 53 9HE vy Fu 9t F/HES
£2 Bd2n Ut FHELS $E7(75 kw) 22 4RolA 4 m/s 355Ke] &9} L8
£ Agsld FFarRen, 38 (Heater)S E3} FARHOE, g F FTM HEE 6
o 1L FHEL FAHNEE ¥z, 22y 4m/so]t}.
2 FFAE 53l 4%F& FP39c. 28 FHE BAL F =EUR YHeE) FREY
HA2E A F7e =8 TFH7 A +F 257t 2AEE ¥z %7«1]—2— Al on, W
319 45ATE BY 4+ ARS FAY AN A RAL 060K ETE AR, 2
(Plenum chamber)S 5335 31y o0, W3l wel FFE HIAFHY EAMES L oS
Z Y Pole A3 (Screen) 2 qu%(Honey-c o] 2|3 o] Feojgrh
om)g Mt £F FRAA FIF FFE o.U
FHa91, &8 45 Axd 2708 gAY M:p—;ﬁi (1)

(Thermocouple) & ol §3te] 459 £E%



H5AH H1S, 2001. 3 EN L

I}

W == od2oMe e 5Y 37

i

w3 MBI W () xE
FLE(T.)% 2" F

%
FAE BAS GARALE(T) 2 Hae

I

et
N

To—T,
=T =T, (2)

o714 Axbgl izt F82 Kutateladze9} Le

ont'evi2)7} AAE Hoore &£F izt &

ol #3 23 ARE Wl }gic} Kutateladz
/\

e} Leontev12)7} #|A1SH A& thS-3 2o}
n= —1——0—3 (3)
1+0.249 X~

A7NA Xe AAZ wpas
correlation parameter)24] o3} Zo] Ao|H

(boundary layer

A8 date] )3 2 x}8]4-2 Kline#}t McClintoc
ko] Ak WH13)S o] &3t F3AT
FHgA e ExgA T B4 (uncertainty)
A7 959% AFZoA dexte 48% =
Al at= ot

Main Flow I

12 Thermocouples
along the inner surface

Coolant
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(a) Velocity distribution in a nozzle exit
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(b) Temperature distribution in a nozzle exit

Fig. 3. Velocity / temperature distribution
in a nozzle exit
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4. Film cooling effectiveness on the
convergent nozzle wall
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5. Film cooling effectiveness for various
blowing ratios

Fig.

1.0
Lo N
a N
08 T
o 9y
o "oy
> 06k o Y9N
< <
o ° =]
o
':% 000 DDCIDD
w04 N
%o
—— M=-05 %009 too
0.2 |- M=10 89000, 000
—@— M=-20
—h— M=30
A ) SR | 1 1
1

Fig. 6. Comparison of the present results
(solid symbol) with Kutateladez's
results on the flat plate{(open symbotl)
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Fig. 7. Geometry of numerical analysis
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