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Boiling

* pool boiling is the boiling of stationary fluids. In
pool boiling, the fluid is not forced to flow by a
mover such as a pump, and any motion of the
fluid is due to natural convection currents and the
motion of the bubbles under the influence of
buoyancy. As a familiar example of pool boiling,
consider the boiling of tap water in a pan on top
of a stove. The water is initially at about 15°C, far
below the saturation temperature of 100°C at
standard atmospheric pressure
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For Nucleate Boiling

Nucleate boiling regime is between (5°C
< ATBJCCQSS< 3006)

Qnucleate

1/2 3
_ h [g(Pf_Pv)] [Cpf(Tw_Tsat)
;g CsfhngT]}
Where ¢nycieate = nucleate boiling heat flux W/m?
iy = viscosity of liquid kg/m.sec, hs, =enthalpy of evaporation J/kg
pr, Py = density of liquid and vapor respectively in kg/m?3
o= surface tension of liquid-vapor interface N/m
cpy =specific heat of liquid J/kg.? C, T,, =surface temperature of heater .° C
Tsqr=saturation temperature of fluid .° C, Pry = Prandtl Number of liquid
Csr = experimental constant that depends on surface-fluid compensation

n= experimental constant that depends on the fluid, n=1 for water and 1.7 for
other liquids.



The maximum (or critical) heat flux in nucleate pool boiling was
determined theoretically by S. S. Kutateladze in Russia in 1948 and
N. Zuber in the United States in 1958 using quite different
approaches, and is expressed as

og(pr—pv) 1/4 (2)
1%

Where C.,- = constant whose value depend on heater geometry

Amax = Ccrhfgpv [

C.,- = 0.131 for large horizontal cylinders and sphere
C. = 0.149 for large horizontal plate

Zuber [10] used stability theory to derive the following expression
for the minimum heat flux .

1/4
og(pr—pv)

(Pf"'Pv)z

Gmin = 0-09pvhfg [ (3)



TheNusult number for film boiling on a horizontal

cylinder or sphere of diameter D is given by
_ 1/4
Nup =22 = ¢ [

v

apv(p f—pv)h}g]
KUy

Where k,is the thermal conductivity of the vapor in W/m.K and

C = {0.62 for horizontal cylinder}
~ 10.67 for spheres
In film boiling the heat transfer by radiation

Is be considered

dfilm = h(Tw — Tsat) (5)

Graa = €0(Ty — Toge) (6)
Where ¢ is emissivity of the heating surface
And o = 5.67 X 107 8W /m?K*

And temperature here in Knot .° C

. . 3.
dtot = qfitm T ZCITad (7)
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Values of the coefficient C.; and n for various fluid—surface combinations

Surface tension of liquid-vapor FlUid—HEB‘til’lg Surface Combination Cor n
nterface for water Water—copper (polished) 0.0130 1.0
T, °C o, Nim* Water—copper (scored) 0.0068 1.0
0 0.0757 Water—stainless steel (mechanically polished) 0.0130 1.0
20 D‘D?E? Water—stainless steel (ground and polizhed) 0.0060 1.0
40 DJGEQE Water—stainless steel (teflon pitted) 0.0058 1.0
’ Water—stainless steel (chemically etched) 0.0130 1.0
60 0.0662
Water—brass 0.0060 1.0
BO 0.0627 .
Water—nickel 0.0060 1.0
100 0.0589 .
Water—platinum 0.0130 1.0
120 0.0550 -
n-Pentane—copper (polished) 0.0154 1.7
140 0.0509 .
n-Pentane—chromium 0.0150 1.7
160 0.0466 :
Benzene—chromium 0.1010 1.7
180 0.0422 .
Ethyl alcohol-chromium 0.0027 1.7
200 0.0377 .
Carbon tetrachloride—copper 0.0130 1.7
220 0.0331 | I 0.0025 1.7
240 0.0284 sopropanol-copper . .
ggg ggfg; Values of the coefficient C,, for use in Eq. 10-3 for maximum heat flux (dimensionless parameter L* = Llglp,— p Weor]VZ)
300 0.0144 Heater Geometry C., Charac. Dimension of Heater, L Range of L*
320 0.0099 | o 1oe horizontal flat heater 0.149 Width or diameter L* > 27
340 0.0056  ga)1 horizontal flat heater! 18.9K, Width or diameter 9<L*<20
360 0.0019 Large horizontal cylinder 0.12 Radius [*=1.2
374 0.0 Small horizontal cylinder 0.12[*028 Radius 015=<1*<1.2
Large sphere 0.11 Radius L*=4.26
Small sphere 0.2271*5> Radius 0.15<[*<4.26

LKy = el — p e . .
t = e = o ] Surface tension of some fluids (from Suryanarayana, 1995, originally based on

data from Jasper, 1972)

Substance and Temp. Range Surface Tension, o, N/m* (T in "C)
Ammonia, —75 to —40°C: 0.0264 + 0.000223T
Benzene, 10 to 80°C: 0.0315 - 0.000129T
Butane, —70 to —-20°C: 0.0149 - 0.000121T
Carbon dioxide, —30 to —20°C: 0.0043 - 0.000160T
Ethyl alcohol, 10 to 70°C: 0.0241 - 0.000083T
Mercury, 5 to 200°C: 0.4906 - 0.000205T
Methyl alcohol, 10 to 60°C: 0.0240 - 0.000077 T
Pentane, 10 to 30°C: 0.0183 - 0.000110T

Propane, -90 to -10°C: 0.0092 - 0.000087 T 7




Example.1 The bottom of a copper pan, 150 mm in
diameter, is maintained at 115°C by the heating
element of an electric range. Estimate the power
required to boil the water in this pan. Determine
the evaporation rate. What is the ratio of the
surface heat flux to the critical heat flux? What pan

temperature is required to achieve the critical heat
flux?

Solution: D=150mm=0.15m copper pan T,=115°C,
T..,=100°C at 1latm

sat
Requirements: 1-Power required to boil the water,
2- evaporating rate, 3- ratio of surface heat flux to
the critical heat flux. 4- the temperature required to
achieve the critical heat flux.
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Properties: the properties of water at 100°C,
p=957.9kg/m3, p =0.5978kg/m3, hfg=2257kJ/kg,
cp=4217)/kg.K, k=0.679W/m.K, 1;=0.282x10
3kg/m.sec, Pr=1.75, C=0.0128, n=1.0,
c=0.0589N/m.

Analysis: The heat flux for boiling is

1/2 [ 13

- g(pr—pv)
Qnucleate = Hfhyg [ fa ]

Gnucieate = 0.282 X 1073 x 2257

_ 1/2 _ 3
% 103 [9.81(957.9 0.5978) [ 4217(115—100) ]

0.0587 0.0128x2257x1031.7510
= 498616 /m?




The heat of nucleation

Q — DZCInucleate - %(0-15)2 X 498616
= 8811.28W

Mass of water evaporation

2= 220 w3600 = 14.0kg/hr
hfg 2257X10

The maximum heat flux:

mg =

. _ ch Gg(pf—pv) 1/4
Qmax = fgpv Pv

G = 0.149 X 2257 x 103
% 0. 5978 [O .0589%9.81(957.9—0. 5978)

(0.5978)2
/m?

q 498616
n?,tcleate — — 0395
Amax 1260968.1

= 1260.968kW




* For maximum heat flux g4+

1/2 [ T
/ CDr (Tw—Tsat)

_ Csfhngr}l |

g (Pf_Pv)]

=MW4

* Qnucleate = 0.282 X 1073 x 2257
_ 1/2 _ 3
« 103 [9.81(957.9 0.5978) [ 4217(Tyy—Tsqt) ]

0.0587 0.0128%2257%x1031.751:0
= 1260968.1

. AT, = 20.43°C




