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An Experimental Study on the Natural Convection from the Isothermal
Square Beam with an Adiabatic Wall
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ABSTRACT

Steady laminar natural convection heat transfer from an isothermal square beam with
adiabatic wall has been studied for various inclination angles of the wall and Rayleigh numbers

by using Mach-Zehnder Interferometer in air.

The different temperature and fluid fields were

obtained as the inclination angle changes showing the effects of the ascending heated fluid and
the adiabatic wall. The maximum total mean Nusselt number was found at §=45°.

2% R W

b ERA

g EIDMEE

Gr : Grashof 8 gBL*(T,—T.O/V?
ko BEES

L 7ol

Nu : S Nusselt & &L/k

Nu : ¥ Nusselt® hlLyi/k, hly/k, hlys/k
Nup: 285 #% Nusselt$

Pr : Prandtl® v/a

Ra : Rayleigh® gB8L*(T\—T.)/av
T :#\E C

AT BEX T —T.)

B
s uMAuY EiE
T 2
0 JE 1
— FE
. #& &

T8 HES BRE 2 s AEA
Aol BAHE B O3 B Wl &
TEY o] EEMCR RS Utk 49
B HR, BBEAILE, g 2 EFRS
5 vl EEED FmolA EES pRe
© BEaEEY BEMY HAC]l B.Lol EE

a o BEERE wa gl

8 BEEAR n#EE mEL LR o 3 HAHM #

v BRERE Higel 25 FHEkm A OHHA i gholl o

0 ETEEEHALA sla] g b 3 & da ol Bl wF HL
¥ iV -1

ok BRI K



66/ X

A gl kFEHS BT sERENA
7o) w® A m mESHA e 1
ool HME, fEd, RLEM 5 OEES MM
7F A

Yousef 52 L | KFEFHAAS B
K aEEAAM BREAN 2#S edge
effectoll sl ERMoR EEIM T, Sc-
hulenberg? = Fi il KEFRAAMS B
REH #EiE BE-S Prandtl %S}t Rayleigh
BHE Mye slo BEMITSIE O Gryzago-
ridis¥ = Z# B FRAA ] AREIR HAH
gl vA & kspEke] el diste]l #H
sledth, Shiny Y& %E ®EEHR KPEFE
ol #la¥l A wmm A el ol A 2l Choi
2} Chang® & %# A4FmmaAdelale] B
R BEES TR MBS Grashof
BE My so B&adov AREE P
o] p@hBat el umd e B plume
ol Vortex 2| #rfEE #EZ3IE L

& RolAe MR R BRI EE &
Wk pEol A Wi snEEol] BEAEE HE pumu) el
Mol HKREE BEiE RS Wasee mE
o} Rayleigh#i & ##S sl HRMOR &
#31 t}

2. REpkE A AXk
2.1 RMER

A ER FHE MAYASquare beam)
o] MES Mgl A MEEEER M
7] 28le b8 12mz WA ML SYTh
2l Hle RFE@ES Westy st Hol
FHmoz £4 3/ MR o5tk B L2
mn Zlo] 8mmo] TG Fol BEHE A
At

Fig. 1 & Bisieo] Mrae Wl #eg
Bolch #=90°2 A% X, vlgle} T

olil X,w Lif@icls Y= fifi-g& vehdcl

aeln S& THES s vhie ol
W BES Wt BEH MO MED Adlel
t}. Fig.2%& mmuldel A4 el

L
s X
¥
X
e
|, 8290

square beam(copper )
g e

adiabatic wall

Fig.1 Schematic diagram of the geometry

therma-caupte Glass-wool
LI WY

E ;[
‘1'_ Iy
20
fi2—]- q
1
) 100 | -

Fig.2 Drawing of square beam
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Table1. Surface temperature of the square beam
No) < T, Ta Ts T Ts Te T ref. error Te
| 60.04 | 60.02| 5997 | 60.01 | 6003 | 5999 | 60.01 | 60.00 | T3 041 26 80
2 | 7005 | 70.03 | 69.98 | 70.02 | 70.04 | 70.00 | 70.02 | 70.00 [ ¥3 931 2680
3| 80.07 | 80.05| 79.97 | 80.03 | 80.06 | 79.98 | 80.02 | 80.00 | T8 07| 2680
4 | 90.06 | 90.03 | 89.96 | 90.05 |89.97 | 90.01 | 90.02 | 90.00 | 0 3} 2680
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Table2. Surface temperature of the adiabatic wall in the near beam

No. upper plate surface lower plate surface
TCO 1 2 3 4 5 6 7 8 9 10
60.01 | 30.87 | 3255 | 34.12 | 36.03 | 37.85 | 3568 | 3316 | 31.83 | 29.60| 27.80
70.02 | 31.76 | 33.72 | 35.06 | 3962 | 3821 | 3687 | 3418 | 32.76 | 31.21 28.60
80.02 | 32.85 | 34.62 | 36.81 | 37.24 | 3896 | 37.27 | 3561 | 3389 | 32.45]| 29.71
90.01 | 33.79 | 3596 | 37.53 | 3807 | 3967 | 3802 | 36.83 | 3499 | 3306 30.53
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Fig.4 Interferograms from the experimental test at Ra=1.56x10*
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Fig.5 Interferograms from the experimental test at Ra=1.79 X10*
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Fig.6 Interferograms from the experimental test at Ra=1.99 X 10*
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Fig.7 Interferograms from the experimental test at Ra=2,13X10*
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