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Velocity and Temperature Profiles of Steam-Air Mixture
on the Film Condensation
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Abstract

A study has been conducted to provide the experimental information for the velocity and
temperature profiles of steam-air mixutre and to investigate their roles on the film condensation
with wavy interface. Saturated gas mixture of steam-air was made to flow through the nearly
horizontal(4.1°) square duct of 0.1 m width and 1.56 m length at atmospheric pressure, and was
condensated on the bottom cold plate. The air mass fraction in the gas mixture was changed from
zero{W =0, pure steam) to one{(W =1, pure air), and the bulk velocity was varied from 2 to 4 m/s.
Water film was injected concurrently to investigate the effect of wavy interface on the
condensation. The velocity and temperature profiles were measured by LDA system and ther-
mocouples along the three parameters ; air mass fraction, mixture velocity and film flow rate.
The profiles moved toward the interface with increasing steam mass fraction, mixture velocity
and film flow rate. The Prandt! and Schmidt numbers were near one in the present experimental
range, however there was no complete similarity between the velocity and temperature profiles
of gas mixture. And the heat transfer characteristics and interfacial structure were coupled with

each other.
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Table 1 Conditions of data acquisition in the present experiment

Measur‘ing property Location from film inlet | Sampling time or number | Aveage number

Temperature profile 1210 mm 120 s 2~4

Velocity profile 1320 mm #300~ #500/point 4~6

Film thickness 1225 mm 1 ms, #2049 1

Heat flux 1305 mm 120 s 3
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Table 2 Test conditions in the present expeiment
Inlet air Inlet Inlet . Local gas | Local film | Local heat
) ) Inlet film | Local wall
mass mixture mixture Reynolds | Reynolds transfer
) . flow rate | temperature ..
fraction | temperature | velocity nurmber number coefficient
w Tm Uln My n Tw Reg Ref hx
(Ma/Mie) (C) (m/s) (kg/m.s) () Uinx/vg) my/ ) | (KW/m?C)
0.00 100 2 0.00 58.8 1.29x 10° 460 1.584
0.00 100 2 1.1 62.1 1.29x10% 11,976 1.989
0.41 90 2 0.00 25.0 1.30x10° 41 0.131
0.78 70 4 0.00 21.9 2.72x10° 24 0.174
0.78 70 4 0.44 23.1 2.72x10° 2,249 0.235
0.78 70 4 1.1 24.0 272 x10° 6,089 0.267
0.78 70 2 0.00 21.6 1.36 x 10° 12 0.064
0.78 70 2 0.44 21.5 1.36 x10° 1,988 0.103
0.78 70 2 1.11 24.1 1.36 x 10° 5,850 0.213
1.00 25 2 1.11 25.0 1.67x10° 4,975 -
ol e% Moz loh, w3 Table 200 Vel »F  7Zbel A =LA elydic)h e FrlelA Brle) A
9} 7ol i mAo] T WS FNY AuEEFo]  HEo| 0.41, 0.0 EFAH} FFEEV GEH
Hadtel set QALAFE FTAN S48 & Bt 2F 2~3% AEoldrh o ol 4L o
S Qek SEFEZY APols ot £370 ¢ £ $%F AAMos ALl el $3un
SGElwA SEu Qo L AAlZe]| olE5st  wleke] §% wiEoR A7x
of £ ol ol fobd e Molx ek Fig.  71E9 o AFUVeld: o, 1 o %27
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Fig. 7 Effect of air mass fraction on temperature
profile of 2 m/s gas mixture
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