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Values of film thickness in film boiling have been computed for three different gizes of nichrome-
wires at five different sub-atmospheric pressures. The values of @, total heat transmission co-

_ efficient, ac heat bransmission co-efficient due to conduction through the vapour film and @g, heat

- transmission co-efficient due to radiation, have been calculated. The values of film thickness were -

- found to decrease with external pressure, but were found to increase slightly with the radivs of
the wire. @, & ¢ both increasewith rise of pressure but decrease with the radius of the heated wire. .
ar shows a minimum value at a pressure of 15 cm. of Hg. in the case of all the wire sizes. The .

- radiation loss &R is much smaller than conduction loss @c.. e

The phenomenon of boiling assumes great significance where large quantities of heat:
_ are required to be transformed quickly from small areas such as in space flight, nuclear
- reactor, rocket engine, efc.  The rate of heat transfer is different in three different types
of boiling, vsz., nucleate, transition and film. Resuls of studies on nucleate and film boiling
for nichrome wire in distilled and degasified water at different sub-atmospheric vapour
pressures have been reported in an ‘earlier communicationt. - This paper reports findings
of further work on the film thickness in film boiling for different sizes of nichrome wires
at five different sub-atmospheric pressures.’ : : . el

APPARATUS AND EXPERIMENTAL PROCEDURE .

An electrically heated nichrome wire is placed horizontally under water (3-5” below
the surface). The water was in.an inner chamber of a double walled vessel. The tempera-
.ture was controlled by means of water in outer jacket. The pressure was that of the
vapour at any temperature.since the space above the inner chamber was evacuated and
any evaporating water was returned by means of a condenser..

t N . X
The complete experimental set-up and experimental procedure are given in Fig. 1 of
the earlier communication’. : L :
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NUCLEATE BOILIN ' AN-D FILM BOILING

As the current through the wire is gradually increased the heat transfer from the wire
to the liquid changes from the convective transfer to nucleate hoiling transfer, As the
current is further increased a stage comes when bubble formation of the wire becomes
maximum and the wire is wholly covered by bubbles. The heat transfer at this stage is
the maximum in nucleate boiling. If at this stage the current is even slightly increased,
a uniform vapour film is formed at the wire and the current falls as the resistance of the

ire increases on' account of accumulation of heat in it. The wire becomes red hot, and one
observes the film boiling. " The vapour film on the wire having a much lower thermal
conductivity causes & decreased rate of heat transfer. .
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Besides the conspicuous decrease in heat transmission in film boiling, it also differs
in another essential respect from nucleate building, viz., that while the latter takes place
from a few isolated or favqured spots, film boiling has no such preference, but ocours
uniformly from all parts of the wire., One is often reminded.of the pHenomena of the
spheroidal state where a thin layer of steam above a hot plate supports a big layer of water
in the shape of spheroids. The continuous layer of steam in contact with the heated
wire in our experiments is in a state of uhstable equilibrium with respect to the colder
water layers above it, so that the steam tends to break through the water above by the
formation of a pattern of bubbles which orginate at the upper boundary of the film, later
get detatched from it, and then move upwards through the water column (see Figs.
1—b). Steam escaping from the film in the above pattern of bubbles is of course being -
continuously replaced by fresh steam so that the above dynamical process may be con- -
ceived as more or less continuous. o o

It seems that in the case of film boiling the heat being conducted from the wire is,
on an average, 2 problem of molecular conduction through the thin film of steam. The
turbulent or convective transfer of the heat so conducted to the odter"”‘bounda;cy, 18
later taken up by the convective and bubbling processes taking place in the water layer
above the film. Besides molecular conduction of heat through the steam film, there will
also be a considerable exchange of heat by radiative transfer between the wall of the wire
and the -outer boundary of the film. \ ' ‘ ‘

Let us consider the heat transfer proeess within the film. The heated wire as well as
the outer boundary of the steam layer surrounding it have the radii r, and r, respectively,
so that the mean thickness of the steam layer is r,—r,. The wire temperature is 8, and
that of the outer boundary of the steam layer is 6,. The heat transmission through the
film, by conduction and by radiation will be S '

el (8, —— 8,
Q= , (6, 2.)

A + B
‘Lo’gg Fofry o
wherg ’Qf'is‘ﬁh‘e heat transfer by conduction and radiation expressed in’ watts.,

"k is the molecular héaf -conductivity ofb steam (which is assumed as not varying
either with pressure or with the mean temperature of the layer), o

" Iis the ‘lgngt}i of the wire, and

* E represents the heat transferred by radiation in watts,

’

Fig, 1-—Film boiling. (P = 4-2 em, of Hg, 0 wire = 1130°C, ZQ = 664 Kecal/em?/hr)
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Fig. 2 (Top)—TFilm boiling.' (P = 9-8 em of Hg, 0 wire = 720°C, —% = 59-1 Kcal /om? /hr).

Fig. 3 (Bottom)—Film boiling. (P = 150 cm-of Hg, § wire = 800°C, 9 == 63-5 Koeal/om?/hr)

A

Fig. 4 (Top)—Film boiling. (P = 234 em of Hg, § wire = 770°C, %: 72-7 Koalfcm’lﬁr)

Fig. 5 (Bottom)—Film boiling, (P = 405 om of Hg, § wire = 1137°C, —% = 91+6 Kealjom?/br)
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‘T the qxpi‘éssfdn'above, all the quassitics ‘éxc’eptr?g are experiny mown. The

radiation B may also be computed from ¢he expression’E=o (6
Baltzman Constant and 6% and 6, are the temperatures in absolw {
of the heated wire.and the water temperature respectively which-are both lne
above simple approach, however, cannot be made without examining the effect pter
- vapour or steam absorption in the infra-réd region of the spectrum with which we are
here concerned. . Let us first take the case when the effective absorption by water vapour’
isignored. .0 R SR

>

Taking ﬁhe case of the wire of "vgéuge'fS.W.G 42 (r;==-00508 cm), we have for the Ry

experiment at pressure 5-5 cm. of Hy, with 6;=10B0°C' and §,=40°C, the total heat
transmission @ = 10,23 watts, and Ao (6,4 =0 2-378 watts, (4 = area of wire and

~o =5-7X10~12 watt. per cm?/sec).

Using" these values we have

2 q.66.
9’1 iy

. Therefore = -2 —: 9."=,.Z.},._"-‘866’ v 7
or rp—1ry = <866 7,
= -866x -00508
= +00440 cm

The above value of* 'rzA—u 1y, 1.e., the ﬁlm thickness, comes out. to be nearl}; of the
same order a8 the wire radius, which is not inconsisfent with the usual assumption made
‘by some earlier- workers2. » CEASE o R e T Lo
" We may now see how tlie: computed value of ry—r, changes, if we use values of 38,
AE, 1B, %E’and’%—ﬁ for the net radiation loss. The Table 1 shows the series of

values thus obtained, . |

: TAI;IJE"_I‘\J' S |
Assumed value 'féi' neb radiative transfer from the o R 'Computed’fia]ﬁe_ of ry—1ry, .
wire to the outer boundary of the films, .. . i . thickness of the film.

E—Ac (B — B * S S 000
L ‘ S -00398

E o oodes
3B S ;. -00837

18E o L0082k

IZE e ese0

“*011" 'i,e} 4278 0, - 9, £+ 273_ § g s T
From the above it is clear that even a large change in the radiative exchange term does,
not lead toa censpicuous change in the estimate of the film thickness. So, we may not
be very far out assuming the full value of E in our later calculations,

cooN
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TABLE 2

o Wlth the above assumptions we have computed for each of the three swes of heate
. ing wire used, ‘the values of the thickness of the film in film "~ boiling, the part ;a, of the
: tpbel heat transfer o that may be ascribed to conductlon, processes and the part of the heat,
transfer due to radiative exchange alone, viz. ‘ap . Thege, together with other relevant ex-
‘penmental data, are shown in Table A ~

" Pressure in G wire— .. Re.dius- ‘,Thiek-’ " Total ‘Total. . @0 ar @R
-em of Hy. . ) water of wire = ness of heat Q/AA@=@ concuc- radia- —_
’ A . inems.  vapour - transfer ~ Kilo- tion tion B 0]
" film in infilm | cal/em i ' o :
film boiling. . - hr/°C
boiling ~ in waths
_ in cms .
55 1040 00508  -00440 - 1023  -06801  -05224  -01582 -8029
y 9.2 735 Do. 00391 - 6-241 06543 . -05714 . -00820  -1451
15-0 660 “Do. -00282 7-530 ©-08102 = -07388 00714 - -0966
\ 23-4 700 Do., .00246  8-708  -09356  -08537  -00819  -0959
37.2 779 Do. .00185  12:35  -11550  -10520  -01028 -0977 -
‘ 65 1010 00762  -00605  10-38 04098 . -03513 01485 4228
9-2 825 Do. -00397 - 10-54  -06210  -05184  -01026 1979
150 740 ' Do. ' -00341  10-55 - -06750 . 05879 . -00871 1481
234 770 Do. .00248  14-36 . -08831 - -07863  -00968 1231 .
37-2 810 \ . Do. 00218 17:12° 09752 . -08628 101124 -1302
- 5-5 1025 01169  -00606  18-11 - -04938 ° -03399 . -01539 4527
9.2 840 Do. ‘00388 . 17-65  -08015 04947  -01068 = - -2159
15-0 70 . Do. 00359 1596 . 06233  -05208  -00940 1776
23-4 800 Do.. - +00274 23.89 - .07782 . 06739 - -01043 -1547
37.2. 719 Do.  -002438  25:52 08541 07508 01033

-1375

From the results presented in this table we make the followmg observatlons :

(1) The computed thickness 7,—r, of the ﬁlm decreases with the external pressure

quite significantly.

(2) The total heat transmlssmn a mcreasee Wlth rise of external pressure,

(3) The heat transmission ac (a — ap) due to conductlon process alone also
% mcreases significantly with pressure.

(6) ‘The value of r,—r, shows a slight increase "with the radius #, of the wire.

(4 The nét radiation loss shows a minimum value at a pressure of 15 om, of H g in
the case of all the wire sizes. o .

i

(6) The heatétra,neferl(;oejﬁcients a and o, idecrease with the radius r, of the heated

o

.
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