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ABSTRACT

The purpose of this study was to investigate the enhancement of heat transfer without
additional external power in the case of rectangular impingement air jet vertically on
the flat heating surface. The technique used in the present study was placement of
square rod bundles as a turbulence promoter in front of the heat transfer surface.

The results obtained through this study were summerized as foliws. High heat transfer
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enhancement was achieved by inserting rods in front of the heating flat plate. According
to visulaization, it was examined because of flow acceleration and separation and disturba-
nce of boundary layer. The smaller clerance between rod and heating plate was, the
larger heat transfer effect became at each H/B. Arverage Nusselt number reached maxi-
mum at H/B=10 and the local augmentation rate of heat transfer became maximum
at H/B=2. The maximum average heat transfer enhancement rate increase about 43 %
for the case of X/B=2 and C=1mm, compared to a flat plate without rods. The correlating
equation of average Nusselt number and Reynolds number was obatined. As follws -
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the flat plate with rods at various impi-
nging distances

Re = 5.769X10* vH/B = 2
a 10
o 14 .
® WITHOUT ROD(H/B=10)
50 [~ ROD
u " B | | [
0 } | } | 1. { ] I i
0 1 2 3 4 5

X/B
Fig. 12. Distribution of local Nusselt number along
the flat plate with rods at various impi-
nging distances

e %ol ) 2] (Solar Energ_y] Vol. 13, No. 1, 1993



FRSE BRI EaRERG WY /AT ¢

1 Lo T o

X/B 4 3 2 1 0

Photo 1 Flow visualization for various clearance between the flat plate and rod.(Re;—16, H/B=2,
B=50Lmm.J)

ej) ol 4 2] (Solar Energy) Vol. 13, No. 1, 1993 17



BRZTR RIAROIAM S ERIGER K MY FR/ATA o

Photo. 12 H/B=2¢! 73-%-of [Eifsis#{tol] w}l=
iRt BEolt) Fig 139 BHER LR H
FEAI A AHEH Nuo 8 1 BAEGIEEER) =
EEe 2 e T HA 2= LK H FEA]
Hoh A WA 2 HTEAAM HA Jehdd
I Bhe it BEAA & 5 USR] Adx
2o REE XoAMT MEFUE EREEA
BEmORBESE BT @R 2= B
TollXel 389 mEHE7 24K A e
WA 71 wfolth 18la AWK 29 F
HAl 22 AlojolA Nu2 C=1, 2lmmJ%] 7
$ole AMA 222 H 15(mm](X/B=0.8)¢!
AN & 2 BAME7F el C=4, 6{mm]<!
ASoe F HA Zo7kA] FaF o R LR
At} o] AL wiElk BE(C=1[mm]% Z5)9
A3, ANA 2= Y& Eln JL 35 (4ES
s5)e] 2=2 FH ¢ 20lmm] (X/B=09)¢!
frEoN A BEmol BRG] oGS ¢ &
At & [EfEo) C=4, 6{lmm]Z #indte) wz}
ANA 228 Bl Yo BEE LX) 588
AA 2= TS B 380 HES A
Vet BfEREZE 8 2 BAXEE Ve
o}, T3 BE 2l EHEH BE#ENA Nuol
T3 4 o]Ae 2 HATY EEE HEET
Bgo] o2 B £@rt dojue AL 7]
it BESZ ¥ & 4 qlu 281 Fig 13
N F MA 2o} A AR Z=Ato]2] Ny, 9
SHE AEHEYE C=1mml¢ Z$e F HA
EX BHEA RAMEZ el G % 2 BT 2
e 20lmm] (X/B=19)< fr@EdA &4 7}
i, o]F o 2EZA HAxH oz Ehnste
Bes & 4 vt 28y C=2lmm]Y A$=
2 BHRIAA Nuel e BTE Jelx
22 FH 15lmm] (X/B=18)% f{rEANA
A7 E R o 2E7HA] AAH o2 BT
C=4, 6lmm]Q! A%} Zo] C7} #wmgol wal
A7 He MEVE 5 HA 222 RH HA)
Ho gz dHojzx Ut} ol B w1k
BEE(Photo DI HEAA RHE C=1mm]%

ST F 2= AlololM A= @il o3
oty C=2, 4, 6(lmmld A$+v 2T HEL

18

NA HEst 523 2592 Bl e 58]
bt o 2 A g LY ERES BaELA7I7] A
B2oe & £ It a2z MA¥HA 2= R
HEE 389 #Ho s A3t 2= H Y i
gl 93 HEE Biste BEEN v
A o) WESHA JeRA &3 3t

300

250

200

o
2 150 |
Re = 5.789X10* vC = 6 mm
100 B/B = 2 a 4
) 2
A 1
50 | 20D @ WITHOUT ROD(H/B=2)

X/B

Fig. 13. The effect of clearances between the flat
plate and rods on local Nusselt number
distributions.

Fig. 14 R C7F 1lmm]<Q] 73 -0l Re ##{tol
& Nuf #Mig Uebd ZAolth Re7t 22

HENAMT E R EREANAMY EESRIER

o] BEEA Eakd Nuo) BL7 A9 §AT,
Re7l AR 2 o5 Rl T HAEEM
£7} AR Lehdeh

300

Re = 8.410Xx10°
2.564X10*
4.487X10*
5.768X10*

200
2150

100

S0 ROD
I n o u n
0 { | ! i i ! f I
0 1 2 3 S

X/B
Fig. 14. The effect of Reynolds numbers on local
Nusselt number distribution.(H/B=10,
C=1mm) |

&) 2ol 1] 2} (Solar Energy) Vol. 13, No. 1, 1993



BRZEFR ERRAMS BERERR MY RRE/ATA 9

_ Fig. 158 ReZl 5769X10°d o, X/Boll w
Nu® 455 fEfge]l 1Ilmml¢l 2% H/BE
SepelEE st Uehd lojch H/BEME) B
fRglo] BE 74-FolA BMIERS Nu BAE
o] & 05(X/B(29] filgoletE RES HiEST
Nu Eppshe el vebhdth 183 227}
A= FEREEE(Fig. 6 2R)14E Nu’l H/B
=149 3$7} H/B=2, 691 A% Bu= Nu
7} 3A JERRAT 228 BEHE o2 A%
ALRSESREZ H/B=2, 6% A7 9 ZA Y
BdS ¢ 4 Uk

300
250
200
:l- e
Z 150
ge =15.7esxw‘ vH/B = 2
: = mm (] 8
100 - - A 10
o 14
® WITHOUT ROD(H/B=10)
S0 - ROD ..
w n n u B
0 i | 1 __ ] | 1 1 i 1 |
] 1 2 _ 3 4 5

X/B

Fig. 15. Distribution of local average Nusselt num-

ber along the flat plate with rods at va-

rious impinging distances.

Fig. 162 =9} H2ER] fEfsel disl H/BE
gju]E 2 3o} 2E FE W2 FifEaeE
(NuNuw)ZRE vehd Aot RfRe #bod
BAfRglol EEEO] potential core FAKAICN RIE
¥ H/B=2% 75 "M =& FEEHERRE
el g, ffge]l 71 # C=1[mm]oA &
o R ZA Jehta Qldh ol AL ¢
M= AF3H 50| potential core TR 3%
B H/B=2% A9 7} =2 HEEHERRE
Jvebdy fERgEel 71 AL C=1lmmlQ! B¢
de 2= EHTEANA A 2fFd 717he HE
S Hola gt

Fig. 172 ol 228 REA ¥ 359
Nus9t 228 FHEIS W Nu, & HLE &
fifgell whe} H/Bol W3l velhd Aol FEZeskol

£} 2koll 1] X (Solar Energy) Vol. 13, No. 1, 1993

X/B
Fig. 16. Comparison with local Nusselt number
on the flat plate with and without rods._

potential core fHIR Pl BRES ! = H/B=2
oA EEEE SRV 2A Jeh At o
AL oM E AF3HH50] potential core I
molMe 2o FHEE HERES #HIABET
sl & EEES IS F A7) HEo
t}. 233 H/B=2% A% C=1lmmldlA &&
ok 43% 9] HEMEEHFEIT JEdT. 1YER
ERBHS FIMAS AHERE Sl EHRum Hj
ol RS HESE =3 EEmES B
e ) M T FHEEENERE A IS
& olt), meta 71E BHadrdE oo
g2 E FASIE £ HEER
g RT 5 Ao

Fig. 18& Nu.9| Redll tid ##{LE 2= 4
kel oial Jebd Zojth Reol tid Nu, ¢

19



BRTFE AN o BRRERK BT HR/ATFA 9

Re = 5.769X10*

boOd
g e

15 |

s ——

Nuor/mof
%

0 A | I i

0 2 6 10 14
H/B

Fig. 17. Comparison with average Nusseit number
on the flat plate with and without rods.

wWinEme C/AY BES X3l BRHES
gEsld oS AEE it o2 B
£ B +5%0|UolA viSE,

1l
b

H/B Nu,=C * Re™(C/A)"

H/B= Nu .= LI51Re™*(C/A)
H/B= 6 Nu .= 1.301Re**(C/A) 2
H/B=10 Nu,= 1.138Re*"(C/A)
H/B=14 Nu .= 1.216Re’*(C/A)

Fig19c & ERsiEe] 2 KM R H/B #1{Lo)
&l A Nu.ok Redll o<t BfRoI™ Re, 1L,
H/B #{t. 2 Nu, fEe BRE 310 oS3
Figs S

Nu ,=1.249Re®***(C/A)***(H/B)**"-+- {(Eq. 3—1)

130l o] Bl fREE +8% oo, ¢
Aol 23t Red] REEEM (Uncertainty)S 5.19%
o]1, Nudl| Wid THEEHS #FHRe +1583%
ojt},

20

2 L
>
e
o
-
~
s .
l; 10% |
z mand
8 |
=1 1
o L
»
2
o
-
~
L
=° 102_
s —
8
2 '
2
<
~
L
5 102}
Z .
8
2 '
[- ]
S
-
-
~
L
4 10%L
Z L
B L
= 1 i-2 | ' 1
5 7 10t 3° 5 7
Re

Fig. 18. Correlation of average Nusselt number
and Reynolds number.

8
L

Nu,(C/A)* % (H/B) "™
o

(o]

T 1T F T1

o

1 | I I B | i L ] L 1 L
5 7 10t 3 5 7
Re

191

Fig. 19. Correlation of average Nusselt number
and Reynolds number.

Bl %o 4 X (Solar Energy) Vol. 13, No. 1, 1993




V. #

=

A RYZ 2RTC ERERARANAN BEEES 9

st SEAR{EEvE girhol kol 1, 2, 4, 6lmm]

Holzl frEel FAX7F 50(mml, 1Eo] 4[mml<l
IF4f5 2T80] ALMIGERE RESIL, ReE 6.
410X 10°~5.769X 10" #EZ, =S-HHHEREY
EATTEEE H/BE 2, 6, 10, 142 242} #4EA) A
Ehes slal sAlo) WEY AT bE S A v
fame AU

1) EfiSEREZmalA BEZGREVT 523
A BA3E ERAAM T BLIRITER 2EfS
RETOZA F AHEEREE A A=Y
ol ¥ HEE WES MHILE TN 35
R, BiE, EREY BAMRY 93 AR
24 ke e

2) BEvE e R ESaEERErT A7t
He (LB X/B=2~25°|H.

3) X EhgolA #EHE Rest H/Bol thsld
BEEGREUT A7 e &REFEBEE C=1
[mm]o|2, {AFHEEZEFRE S H/B=10, C=
Immol| A e}

4) FRABVEERHERS H/B=2, C=1mmolA
Leha 228 HESHA ¥} 4$EY & 43%
WS

5) SESEEZRES} Reynolds B, FFE, H/BS)
HHRRRRtR =

Nu .=1249Re™*(C/A) **(H/B)** 2.2 FKEh.

B dTE g IETADG AT 2400 93
AT HAS

SER

1. G. J. Hoogendoorn, 1977, “The Effect of Trubule-
nce on Heat Transfer at a Stagnation Point,” Int.
J. Heat Mass Transfer, Vol. 20, pp. 1333~1338.
2. H. MARTIN, 1977, “Heat and mass Transfer bet-
ween Impinging Gas Jets and Soild Surfaces,”

) %ol 14 2] (Solar Energy) Vol. 13, No. 1, 1993

BRTR AR A S BRRERA T BR/ATA 4

10.

11.

12.

13.

Advanced m Heat Transfer, Vol. 13, Academic
Press, Inc. pp. 1~60.

. P. Hrycak, 1981. “Heat Transfer from a Row of

Impinging Jets to Concave Cylinderical Surfaces,”
Int. | Heat Transfer, Vol. 24, pp. 407~419

. S. Aiba, 1985, “Heat Transfer Around a Circular

Cylinder Near a Plane Surface,” ] of Heat Trans-
fer, Trans. of the ASME, Vol. 107, pp. 916~921.
Y. H. Lee, S. P. Kim & J. Y. Seo, 1988, “Augmen-
tation of Heat Transfer by Two-Dimension Impi-
nging Air Jet-Effect of Clearance between Flat
Plate and Rod,” Proc. of the Ist KSME-JSME Ther-
mal and Fluwids Eng. confer. 2, pp. 2-398~2-402
BEEER, BT, BE3E, 1981, “BEELAEE
126 A A R ITERE A ARG R B
125 K3 TR THABME & S Utk (B,
474, 414%%, pp. 317~325.

FSED, +H— EBAESE KT, 1985,
BRI E AN EETHVOBEE, THA
HemEE e SRslEl(BiR), 514, 4635% pp. 866~

- 873.

Carlyle S. Herrick, 1983, “An Air-cooled Solar
Colector Uisng All-Cylindrical Elements in a Low-
Loss Body,” Solar Energy, Vol. 30, No. 3, pp. 217-
224

HEFN, e, FRIEES, 1991, “SEMR{ELZEmE]
sl kot BEIRS BdEEEsrttol BRSH Bt
R, BRI - HRTE wmE, £ 3E £ 19,
pp. 61~68.

M. Gad-el-Hak, 1988, “Visualization Techniques
for Unsteady Flows . An Overview',” ] of Fluids
Eng, Trans. of the ASME, Vol. 110, pp. 231~243.
R. J. Goldstein and J. F. Timmers, 1982, “Visuali-
zation of Heat Trnasfer from Arrays of Impinging
Jets,” Int. |, Heat Mass Transfer, Vol. 25, No. 12,
pp. 1857~1863.

N. Kasagi, M. Hirata & S. Yokobori, 1977, “Visual
Studies of Large Eddy Structures in Turbulent
Shear Flows by Means of Smoke-Wire Method,”
Proc. of the 1st Int. Symposium on Flow visualiza-
tion, Tokyo, pp. 169~174.

R Gardon, J. C. Akfirat, 1966, “Heat Transfer
Characteristics of Impinging Two-Dimensional Air
Jets,” ] of Heat Transfer, Trans. of the ASME,
Vol. 88, pp. 101~108.

21



ABSTRACTS | so1aR ENERGY VOL13, NO.1, 1993

Heat Transfer Characteristics of Water Jet Impinging on
Oblique Surface

Choi, Guk-Gwang* * Na, Gi-Dae** * Kim, Yeun-Young*** * Jeon, Sung-Taek™""
Lee, Jong-Su™"*"

*Incheon Univ. Professor
**Choseun Univ. Professor
***Incheon Junior College Professor

****Andong Tech. College Fall Time Imgtructer

The purpose of this research is to investigate the characteristics of heat transfer in the downward axi-
symmetric free water jet system impinged on a flat oblique plate which has the uniform heat flux. Experimental
conditions considered were Reynolds number, distance between nozzle and flat plate, inclination angle of
heater surface and nozzle exit velocity.

Local Nusselt number was subjected to the influence of Re number, Pr number, oblique angle of heating
surface and local position of flat plate. In the wall region of downward surface, The secondary peak point
of heat transfer appeared at the local point of X/D=-8 from the stagnation point. The stagnation heat transfer
rate of this experimental study augments 24 times than that of laminar theorical solution. The stagnation

nusselt number is function of Reynolds number, nozzle-plate spacmg, Prandtl number and obhque angle
of impinging plate.

Technique of Heat Transfer Augmentation in Impinging
Air Jet System

Doo-seob, Choi * Seong-min, Kum - Yong-hwa Lee ‘- Jeong-yun, Seo

* Inha University, Graduate School
**Yuhan Technical College
***Inha University

The purpose of this study was to investigate the enhancement of heat transfer without additional
external power in the case of rectangular impingement air jet vertically on the flat heating surface.
The technique used in the present study was placement of square rod bundles as a turbulence promoter
in front of the heat transfer surface.

The results obtained through this study were summerized as follws. High heat transfer enhancement
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was achieved by inserting rods in front of the heating flat plate. According to visulaization, it was
examined because of flow acceleration and separation and disturbance of boundary layer. The smaller
clerance between rod and heating plate was, the larger heat transfer effect became at each H/B.
Arverage Nusselt number reached maximum at H/B=10 and the local augmentation rate of heat
transfer became maximum at H/B=2. The maximum average heat transfer enhancement rate increase
about 43% for the case of X/B=2 and C=1mm, compared to a flat plate without rods. The correlating
equation of average Nusselt number and Reynolds number was obatined. As follws .

Nu,=1.249Re**(C/A) ***(H/B)***

An Evaluation Study of Domestic Direct(Beam) Nomal Solar Ra-
diation Data

Jo, Dok-Ki * Lee, Tae-Kyu * Kim, Eun-Ill - Chun, II-Soo * Lee, Soon-Myoung * Cho, Suh-
Hyun * Auh, Chung-Moo

Korea Institute of Energy Research

Since the direct(beam) normal solar radiation is a main factor for designing any focusing solar
system, it is necessary to evaluate its characteristics all over the country.

We have begun collecting direct normal solar radiation data since December 1990 at 16 different
locations and considerable effort has been made for constructing a standard value from measured
data at each station.

KIER’s new data will be extensively used by concentrating system users or designers as well
as by research institutes.

From the results, we can conclude that

1) 4,400 kcal/m’. day of the direct(beam) normal solar radiation was evaluated for clear day.

2) Direct normal solar radiation of spring and summer were 6% and 14 %, higher than the yearly

average value, respectively, and for fall and winter their values were 5% and 15% than the
yearly average value, respectively.

Effect of Sectorial Angle on Natural Convection in Clrcular
Trapezoidal Enclosures

Bae, Tae-Yeol - Kwon, Sun-Suk
Department of Mechanical Engineering Dong-A University

A numerical study of natural convection heat transfer confined by circular parallel walls at different te-
mperatures and flat adiabatic walls is investigated for Rayleigh numbers from 102 to 10 and sectorial angles
from 30°to 180. It is used by a finite difference method to solve the governing equations. The results show
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