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ABSTRACT

This Paper deals with the experimental study of the axisymmetric air jet impinging vertica-
lly on the flat heating surface with and without swirl. The purpose of this study is to
investigate the characteristics of flow, augmentation of heat transfer rate, turbulent intensity,
and the comparison of heat transfer rate, the optimal swirling condition about the swirl
and nonswirl axisymmetric air jet. In order to augment the heat transfer on the flat heating
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surface without introducing any additional power, the technique used in the preSent work
was placement of twisted tape inserted pipe in front of the nozzle exit in order to make
a swirl. The effect of swirl degree is investigated in case of S=0., 0.056, 0.111, 0.222 and
the velocity of the jet was 14, 20, 26, 32, 38, 44m/s. The distance between the nozle exit
and the stagnation point on the impinging plate was the H/D=1~14. In order to analyze
of the flow structure which increase heat transfer, the velocity and the turbulent intensity
of the axisymmetric jet was measured by a hot wire anemometer according to the swirl

number and H/D.

Nomenclature

A, : area of heating surface [m]
C, : specific heat at constant pressure [k]/kg
]
' nozzle outlet diameter [m]
- voltage [v]
. distance from nozzle exit to impingingplate
[m]
! heat transfer coefficient [w/mC]
. eletric current [ampere]
: heat flux [w/m’]
. redius of impinging plate [m]
' nozzle outlet radius [m] |
. the temperature of the impinging plate [C]
. the temperature of the outlet flow [C]
. . axial velocity at nozzle exit [m/s]
. viscosity [kg/m - s]
" thermal conductivity [w/C]
. Twisted angle of tape [°]
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Dimensionless parameters

U-D
Re = . Reynolds number
v
h-D
Nu = — - Nusselt number
h* D
Nu, = Y . Stagnation Nusselt number
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th * D i .
Num = . The first maximum Nusselt
A number
-r Nu - dr
Nu=——- . average Nusselt
f dr number
G
Pr = " : Prandtl number
1.8 3R
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Fig. 1 Schematic diagram of experimental apparatus

24

gl kol A (Solar Energy) Vol. 13, No. 1, 1993



Eoe e BEEE ] T BB BR/AER ¢

Tapes AT BFS EE=&S =EH O
frg&sted Ml felbiE FUew, ol Twisted
Tape?] ¥IEY AEE Fig 29 02 JlEstd
EEEE SHESIRL o] 44 IR EEiRE=
AT el fediie Bits JYehiic &
kel R(DF ol FHHI, K BR l
AN ROEE ebEtiREe] RN Mk
2RH kg

axial flux of angular momentum

axial flux of linear momentum - R

=EHAY RS 14m/solA 4m/s7HA 3t
Ko JEEE= FAA FH 0222704 st

Y Twisted Tape/— Plpe
| 9

T~ \ / T k.

S = 0.187 S = 0.222

Fig. 2 Schematic diagram of twisted tape nozzel

. | 9=0.058 S==0.111

Photo. 1 Photograph of twisted tape

B %ol 13 X (Solar Energy) Vol. 13, No. 1, 1993

2—2 E#ES BES HAFIT

HhERE JEIETsRIER e HamY R 2
hEHERES Fig 33 221 54 20mm¢<l

o] o] Z&}o] EH7(Bakelite Plate)o] 57 0.03mm,
1B 20mm, Z2°] 200mm¢! 18—8 £ H| Qg A -’—‘%
@i 15718 araldite #HEHIZ HEAIZ|LL o] 1
mj o] AejelaE A A8 iR o R @f*do:]
& #}o) e (Slidac) S & [H ¥ SBBINESIY Byfis
S —EsHA MERA AT EEES BEE EL
70um<%) Copper-Constantan(T-Type) BE¥ 30
MNE 7.15mme Efgo.2 2H|QIHX FEER &
Holl gsl o] fiE s}l Data Logger(KEYA DIGI
4 PLUS) & B3It oju) Haum e el
Eie] #hol EE —HE ¢ JLEF RESIHULL

I )
/‘[LL = 3l T 3
2 (= r :
I = 11
— ]
Op——10 O Lo
Oy —— 4 QT 3 O S
8 J (
N 4 Cx {o
| 8 7
of —— o
AC. 100V

Bakelite Ploln 2. Stninicas Stoal Fell

Tharmo Coupie 4. Slidnc 5. Ampero Meter

mgilal Yoltmeter 7. Data Logger

Q ® L -

A.C. Voitage Reguialor

Fig. 3 Electrical circuit diagram of heating
elements

o] w) BES HEVREAEM(A. C. Voltage Re-
gulator) & (EFAStS —E8H| HEFrSte FRUR
q=1020 W/mo.2 3} om BjiiRel &2 A
(2) 8} 2ol mgAe Eiftate Bt 2H U
2 Wi BuRel Bz o= k3d. 1L
Y1 RS 750 TERREAA BIESEAL
Bk EEE 18+1CHoH, HEitRE e HE

25



ERGEEIRN AEEEEC Y HRY HR/RES 9

e mEEE 15C DAE 81513, Bakelite#zol
o] HBEL 0.7% LIREA ¢ Jorng
EFHsIQT BERES ShEERo| L
Fo2HE 3 HrRe 2 fEsI

q=I . E/As' (W/m’) ........................... (2)
hZQ/(Tw'Tw) (W/m’ OC) .................. (3)

FEfEEERE S FOREEREE K (2),
(3o 2 7Y g3 Zo] HEE F AUtk

I WHER X E%

BEES VE T YukER) B Q) ke
Nu=C - Re™ * Pr'Z BA|& g glon o] KA
Pro} #& ZTROIZE X B REHHEA]
ok 0719 #PS AHEEtT K ne 049 ¢S
A3t felmlE AR 790 o] X2 Nu -
Pr=C - Re"2. 2 3} [E/r{Lg R o] Fig 40]9
A9 EfL RS YERIEZE EhTib A
71918} Least Square MethodE FIf3t &£ <]
H/Dol @& 71&7]18 F1E3IH Red HH# mS
0.7129} 0.793¢] &l 3L, o] 9] FEHL 0.74
ol MEE £H T & JOBF o] EHIAS
Hat] 49 H/Do s Exhts 47 9
3, Nu-Pr"+R"=C: (H/D)& 3 Fig 59
Eamol A 5 NuE BERE Zlold, o) 19
X H/D=9% ¥ o 2 3o 27} 9] A —Edh
BEHEROQ BGRE e ded o33 e

22 KRBT ¢ g,

1 < HD < 99X+
Nu=8.037Re""Pr**

26

9 < H/D < UelME
Nu=Re""P»*{0.051—0.0014(H/D)}

3

10%] |

5 5 7 8 9 10° 2
Re
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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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