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An experimental study on the heat transfer augmentation
by using the multiple orifice nozzle
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ABSTRACT

An experimental study has been performed to investigate the heat transfer characteristics
of impinging jets with multiple orifice nozzles. Four different shapes of multiple orifice nozzle
were tested to improve the heat transfer characteristics of impinging jet. Heat transfer
coefficients were obtained by using transient and steady method based on the liquid crystal
thermography, and both methods showed very similar results. The effects of multiple orifice
nozzles on the heat transfer characteristics of impinging jets were discussed in detail. The
results showed that multiple orifice nozzles improved the heat transfer characteristics of
impinging jet. Especially, heat transfer coefficients around stagnation region of impinging jets

were highly increased.
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A stHA FA3 CCD Fhuaiz 2442
2xoel #A APHE FAFT B4
E Folhne Zdg 599 A7 Az
Relty, CCD  gHelgtellA  wolEd
NTSC(National Television System Committee)
AzE gAA g FA(Data Translation, DT2871)
£ AA AFHAM RGB/HSI(Hue, Saturation,
Intensity) AHZ ¥EFo] 2 dFdA Hag
A arzk(hue) 44 ")

Agge obef 4 (1)z o] RGBAIZZEH
AEd 4 lov, AAGF Lxoe #AA 73
S HA Aol AR Hel gF2 v Yo
& A (Omega, COZ-K)& ¥#31] E8 258
23s=d, 2 ZAde  2XA A4 (Omega,
DP41-TC)oll viebrt 4 G443k T st el
xag

:4_ P

£ o iz o
ru },L ox

Hue= E,g%arctan(\/g/[’) ¢h)

4714
F=(2R-G-B)/(G-B)

olgA FozM dAdd YX9 Mym FGH
2 23 2TE ¥ F YA o, o)E
o2 Chiral-Nematic 4 A (Hallcrest,
BM/R35CIW)oll i A gxole #AAE



650 2d g - 372 AT - A

Bd Fig, 1% 2ok o] 2y Bd hue g2
353 °C¢t 363 °C AbolollM 2=t Ao H¥FH
A #AE vElI Ao ol AY o 2=
ANAZ EFSHA AEE F s Y ¥
[3}-_(20’ 21)

3. dNg 2@ 9 AFH Wy

dAY SHL dAHL o] 43y FY3ed, o
AL o) 43 dAG A 3 WEe A £
A2 BFY F7 vt Transient(Fx) It
steady(A43) Wyo] 2R} B AFdME F
7R WY e 2T HE3td F wye Fude
HastHA dAag 4% 9wy APE HAA
o d§ 932 Ash)es OdS3 2o Hod
o},

4w
b= (2)

g, 9 24 glo] ¥d L2 2= HEw
He JZHAE =2 E g HAY dA9
Rdoa HALE9 AHE SHIY gHG A

o

48 Fas WwHezA, Schultz ¢ Jones?E
X3 g2 dyzed dd ARG 4A
Y 7ds 9AERES} ¥e 22 4T 9 B
Aad 2x Wl WA TAHE £xFe
2 ¥Y 22N LEI1EVE £3% Yoz
I 2 @2 712 o] W oE W dAag
71 FAF W vl AdHyezr FAY
4+ 9% Fx2 A, ayonz dAg 29 4
dAE 1x49 8AY AEgAFyd g dIg
o] o]FojXt}.

olE 9% 48 FAL Fig. 2@ Jehisid
dFS =X FEHLE FE dAEEE A
10 mm 579 olzadRA L AHEFHR Avle
700 mmx700 mmelth EX® A3 AAHA
Eo St §HAM 40 rm HEE FEH T4
o Hig] FAE A2 A7) g AFH FHA
HAES FANH A-dYT EAC nlxE 4Fe
ZA £ g, dASAST A ALEE
V ockdr e Baughn 5Pl +5%9 2#UAHE

o

[

> U

Zetn 71ed 569 Wiseo)/(m’K)E& A&
gt Azl Ay 4F qdRe T 2%
ZA7 ol FF 2%V step FFEEZ FoiA
A AP FPF=ilz 28 Utk o|F 9
E A7NME EF &7 BT Aol #2
AAse eRHoz ¢+& AAs = &70%H g
ol E FAFAAAN FERY AA 443 golq
o Ydebd Alzte] FAlY %3HA E49E 3 4
ko ol & AAELS 085 % HFHoR HFH
9 =r2azg AZED o AIPE IHES
ANZEo2 AAANAA HFESYYPE o] &3t
A vElhd 94 443 2xee #AE E
g2 Ed & 4&d FAd g4¢ A5 At
2 93 Y@ ® Tigre 28w Rag
GAUZ ZHE #E, Tere 2F &7 FE4
A A2 ZA3H"Y FH2 2EAAA(Omega,
DP41-TC)&2 &<t}

B 7tdE EHRE & A F99 2
%717} %945 o] heating potential& o] H&
A7 Kim®el o83 olgid £ AHE B
FgAE NE FEXE(T,HE = 27H/%

2% Al E 2o g ALl B A#d E
A AFE d&5g F e Ao2 YeEHY 3l
o a8z 38 xE AAH EIdAE B F
ET F59 2x9 A9 722 e /AU AA
Ho2HEYH A4 E ¥ s Holy Zo=R
AU agzz £ A=y A9 dds
AANE R2AME AT FAHo2 Ho
AFLE AAEYG G dAE AF g 2A.
gy B AFdaE FAY B2 g4dY &
Aot o] L F FHE 2xe &4
L AN ko] £RFHERE 3 =
8kA] gkt
A H AATEE wde ¢, & ofe
#44%2A Baughn 5@ &) NEIUL, g, &
F871 98A e 9E8S AR 8¢
YEL EYgo] HWYolr|gt A TLE
2& Y U891, JF ALdITIV=
L aReg g uFg 4y
sadt g TFE AEL I

P Shs BECRE C
2y

O

2=
S

L
L

my 2
w 0

o &

4z

],

ug

i)
2

o ol 1 1R e mH 12 ol
o, 4T it ok

il

o

%

a

2
=
4
o
o
, =]
ol ]
rlo
1
¥ of rfr 12 fr ¢



O0F egAL xES 4% F

o o)A HY @A 9 e Ee ¥
TE YA Hez2 ddd Ao 74]"“] 7h5 8l
Atk Adge g 49 FAR FES AR

GAY 4L Fig. 2(b)ol JeEtUAY A4 g9t
4E HHY MY FFE Y3l  electrical
band3M)E w99 HE 9 g 10
mme |2 Boli &4 (Dotite, D-500)& &
vt & EAH electrical band ¥l 5 mm
H 2 =X3lo F99 YE 3 electrical band Ab
ol A=H& 7HAA o T YA g2
2EY F59E 5 AFAE ol &3l HEA
7] 31, u—.‘l} 25 39 9 4FHL air-gun®
34_ F ARAM HJEE BAY, 4

rr%l a Tﬁoﬂ
8 i
Temperature
Timer o Indicator,
Settling § Image
Chamber Processor
Heater
. H oney Camera
Blower Comb
Screen
Light
' 9 Computer
1 Black Paint
2 Liquid Crystal
3 Acryl Plate

(a) Transient test

emperature

] Indlca%>
Image

Processor

Timer o
Settling

Chamber
Heater D

Blower oney
Comb

amera

1 Black Paint Computer

2 Liquid Crystai
3 Gold Coated Flim
4 Acryl Plate

5 Electrical Tape

6 Electoconductivity

(b) Steady test

Fig. 2 Schematic of the experimental setup.
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Fig. 8 Geometric details of nozzle shape 3.
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