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Abstract

An experimental study is conducted to investigate the flow and heat transfer characteristics of a
multi-tube inserted impinging jet. Four different multi-tube devices are tested for various nozzle-to-plate
distance. Flow visualization by smoke-wire method and velocity measurements using a hot-wire
anemometer are applied to analyze the flow characteristics of the multi-tube insert impinging jet. The
local heat transfer coefficients of the multi-tube inserted impinging jet on the impingement surface are
measured and the results are compared to those of the conventional jet. In multi-tube inserted system,
the multi-tube length plays an important role in the flow and heat transfer characteristics of the jet
flow. With multi-tube insert of I3d4 and 16d4 which has relatively longer tube length than the
multi-tube-exit of [3d1 and 16d1, the flow maintains its increased velocity far downstream due to
interaction between adjacent flows. For the small H/D of 4, the local heat transfer coefficients of
multi-tube inserted impinging jet are much higher than those of the conventional jet because the flow
has higher velocity and turbulent intensity by the use of the multi-tube device. At large gap distance
of H/D=12, also higher heat transfer rates are obtained by installing multi-tube insert except multi-tube
insert of 13dl.
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1 : Blower 9 : motor controller
2 : Constant temperature 10 : Hot-wire system
: water bath 12 : Data aquisition system
3 : Heat exchanger 11 : Temperature measuring
4 : Orifice flow meter system
5 : Chamber 13 : Voltmeter
6 - Honeycomb nozzle insert 14 : Power supply
7 : Hot wire probe 15 : Impingement surface
8 : 3-axis traverse 16 Shunt

Fig. 1 Schematic diagram of experimental
apparatus
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Gold coated Film (0,172 mm)
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(b) Thermocouple junction map
Fig. 2 Diagram of temperature measuring system
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e Table 2 Nusselt number uncertainty analysis
x| ax, |2 )
l f 1.0 0.02 B
I(A) 4.0 0.15 3.75
R(2) 13.8 0.10 0.72
:ﬁ* A(m) | 0.10675 | 0.0002 0.18
d TW(C) | 30 0.2 0.67
T(C) | 20 0.2 1.0
Fig. 3 Multi-tube insert D(mm) | 24.6 0.05 02
kK(W/mC)| 0.0261 0.0001 0.38
Table 1 Dimensions of multi-tube insert S Nu
LU = 449 %
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Index | D (mm) d (mm) 1 (mm)
=7F &4 @ob FL #(1% olyE A=z A
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(a) Conventional jet (b) I3d1
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Fig. 4 Flow visualization results of free jet with/without multi-tube insert (Rep=3,400)
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Fig. Velocity and turbulence intensity

distributions of the conventional jet
along the radial direction at
x/D=0.5, 1,4, 8, 16 (Rep=34,000)
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(b) Multi-tube insert of 16d1

Fig. 8 Nu distributions for different nozzle-to-plate
distance (Rep=34,000)
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(a) For various H/D
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Fig. 10 Nu distributions with/without multi-tube
inserts at the stagnation
poin (Rep=34,000)

A, HD=2¢ wets 2 1A FEe A9
#2Y £ gled, yD=229] 2zF Zdi¥e] Vet
YA " o]AL dsAEYG g oA
AHor 5 £ERYE s FEANA @
F22 Hold oA A7|E 2at JEHZH A
H7l oz AzEHY, ojgt e g 54
o HisE F+EEATY THE & E1 A Al
dA77t 4oy FAog Azt
Fig. 9% 717} & g3dd wne €3 AF
X5 vedin Atk 4 HD=42 A $-(Fig.
9@)e AHEH, AALe gFAL A=
e Exgo] FaEE ARE AUk ol ¢
SE/dRAE 5H4ET 2 FE7MFNA
2 24, 958E AAFoER =EEFTRYE
011/\1 ¥2 SR MMAA Hel, gdFde g
T ae] o) dHFAR EF FIHEUY)
Hﬂf_’ai AzZtdo. 53 AHAMAAM thFHe
Aol7l #L& ZA9(3dil, l6dl), 18R &L AL

_>L OJ..A HE
i
mR ]

A2AFUE YehiiEd
el vstoq Ao
Brl bEez yz4e
AY dEae] dojst 4
& &IV AA7) ol

=
By
bt
7l
- oo g
W

zﬂ =E&79 SEUAlY ATt QOVMI
P (Fig. 9b) H/D=12), #e| Zol7} L
13d1) FEHANA FAD Aol ﬂfﬂlE«l 73
SHT e gkg JHAA HAW, 2 A -$(13d4,
l6dd)= ol = F7F L @& Uehiu
< & £ ok

l:l
fe =

ol o Holst #H2 A
7o £=& 28 A R, FE K58
A7l 48L& sted visty, &9 Aozt
B AAfE g Huzgoz FHAA &
T £=28 v F7AA 7AS7] HEolth
Fig. 10& AHAAA WD ¥ 2 od5ad $
F W3 g x”%ﬁ"‘r‘ TEE YEld IY
ojth. =& FEH Aol A wE W3l
ue gdd ﬂl*tﬂi}(Fig 10@)E ATEd, ¢

tlo o
OO AR T R U

TAEY Fe AZIt Fohgel utet ghe] Fot
stth7t HD=6~89 A Soigt s 7k A oAl 3

A2l HE ATE dehdn AR dE
Aske 29 HD=29A FHHE st H

2 gy e

atte BXE UrE}lH?iOE% H/D=80]%& t¢
E vledh vg2 Zade 4FL el
tF @ FHol tﬂr% AGAsg W Fig

10b)) &gl ¢4 AAMA o2 H/D=120A
13digl A4E ALstn Ehr&% AAE L

cAERY AAHAAN FL AGAFELS
et ol 13d19 A ’e}tﬂﬂoi #Fe
of Zdo] & A2 gFd FFE AV fEA
FELY EAol Zdr] wEd »=F3 FEd
tole] Asl 747t AHHD=4) & A
£4& 7HARA Agst dolA e A H/MD=12)
Q&g geAllERYy B dAZRATTE A
A duh @ Zolo] WE 5L MuEd B
9ol Zol7t #L ZA$@3dl, 16d1) 7M7E A
(HD=4)l e &Y Zol7l 1 ZB$-(3d4, 16d4)
2o Adidez 22 dAGASES 7Ix &
u)s], 8 AZEHD=12) = B Zo)st 1 A
L7k gL ARy 5L dAgASzE A

~

By

Fig. 11& AGHO</D<SA HF NuEX
£ vEd ot At e F$(H/D=4)



L S SRR SIS S
(] é
o 95 e I S Rhhh STIPEE PTIIRIN ST
:
Z 85 [ R . ----------------
‘! . N - . : o
75 O Conventional jet * _________________
@ 6d1 :
65 ‘ .
2 4 6 8 10 12 14 16
H/D
(a) For various H/D
115 "
. T
,,,,,,,,,,,,,,,,,,,,,,,,,, | . [
1 S AR R
05 l a ‘
95 |- S S
§ ‘5 o o
=4 S
854 O o
75 |- .H/D=4 ............. ,,,,,,,,,,,,,,
OH/D=12 : :
65
Conventional jet  13d1 1334 16d1 16d4

(b) For multi-tube inserts

Fig. 11 Average Nu distributions with/without
muti-tube inserts (Rep=34,000)
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