
1750 SHORTER COMMUNICATIONS 

9. I. I. NOVIKO~, Atomnuyu Energyu 1, 92 (1956). 12. L. C. THOMAS, A turbulent transport model with 
10. R. A. SEBAN and T. T. SHIMAZAKI. Heat transfer to a emphasis on heat transfer to liquid metals. Curt. J. 

fluid flowing turbulently in a smooth pipe with walls of Chem. Engtrg, in press (1970). 
constant temperature. Trans. Am. Sot. Me&. Engrs 13. H. L. TOOR and .I. M. MARCHELLO, Film-penetration 
73,803 (1951). model for mass and heat transfer, A.I.Ch.E. JI 4. 97 

11. L. C. THOMAS, Temperature profiles for liquid metals (1958). 
and moderate Prandtl number fluids, J. Hut Transfer 
92. 565 (1970). 

Int J. Heat MOW Transfer Vol. 14. pp. 175&1751. Pergamon Press 1971. PrInted in Great Britain 

A DIAMETRAL EFFECT ON VAPOUR COLUMN FORMATIONS IN FILM 

BOILING IN CARBON DIOXIDE NEAR THE CRITICAL STATE 

I. PRICE 

North Staffordshire Polytechnic, Stafford, England 

and 

J. W. BRAMALL 

Turner Newall Group.Dltton, Widnes. England 

(Received 11 .J~/r~uury 1971) 

1. INTRODUCTION 

IN A RECENT article [l] conclusions were drawn and inte- 

resting photographic evidence produced concerning the 

phenomena of uprising vapour in columns. The present 

communication describes early visual observations of an 

ongoing investigation, and the authors feel obliged to 

comment on the conflicting evidence of the diametral effect 

on the dominant Taylor wavelength I, which is the measured 

distance between rising vapour columns in film boiling. 

2. EXPERIMENT 
The present note reports on one geometry. namely a 

horizontal stainless steel tube, arranged in a cylindrical 

test chamber which incorporates glass windows so situated 

as to enable flow visualization. The optical arrangement 
adopted for the schlieren type experiment is shown in Fig. 1. 

Light is transmitted from a simple filament source through 

a collimating lens. to provide a light beam which is trans- 

mitted through the fluid and a second lens, and finally on to 

a knife edge positioned to eliminate the direct image of the 

source; the desired image is focussed in the camera. 
Carbon dioxide is supplied from commercial bottles. 

Came/ra 
Knife doe 

FIG. 1, Simple Schlieren optical arrangement 

equipped with a syphon tube, and warm water is passed 

through passages in the test vessel until the pressure reaches 

some predetermined level. A standard Bourdon type test 

gauge is used to measure gauge pressure, and the bulk 

temperature is measured by a number of chromel/aiumel 

thermocouples. The tube surface temperature is determined 

by monitoring the tube internal temperature history using 

fine chromel/alumel thermocouples. and computing the 

external surface temperature in both radial and axial 

directions. The thermocouple outputs are recorded on a 

Tinsley potentiometer. 

3. RESULTS 

It is well known that film boiling in the critical region 

results in various characteristic shapes of the uprising 

vapour: bubbles, columns and sheets, and that the charac- 

teristic Taylor wavelength is strongly dependent on the 

pressure and wire diameter. The authors wish to draw 
attention to the latter effect. The photograph. Fig. 2. uhowq 

vapour column formations in bulk conditions ol 0.98 

reduced pressure and 30.5”C on a stainless steel tube 1.07 mm 

dia., it is regretted that the heat flow data were not available. 
The significant feature is the uniformity of the column 

spacing I, which appears to contradict the observations of 

[l] in which it was concluded that the observed column 

spacing was quite uniform for the smaller 0.1 mm dia. 
wire and irregular for the largest. 0.38 mm wire. The same 

uniformity as exemplified in Fig. 2 was achieved at various 
other bulk conditions. and the tormntion of the column< 

followed closely Zuber’s idealized model in which columns 

of vapour, formed by the coalescence of a large number of 



FIG. 2. Vapour column formations in film boiling heat transfer to carbon dioxide near the critical point. Reduced 
pressure4.98 Bulk temperature-30.5”C 
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