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The variation of droplet velocity in a fire plume

- Abstract -

The objective of this paper is to present a equation which can give some insight of the behavior
of droplet in a fire plume. The equation is derived with a number of engineering relations drawn
from the literature for calculating properties of fire plume. Plume properties considered here include
temperatures, velocities and virtual origin. In addition, the drag force for a sphere and the energy

equation are considered.
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czl
c z2
c

the distance from a ceiling [m]
the distance from a fire floor [m]

open(1file="outdat )
open(2,file="prtdat’)

McGraw-Hill, 1991

=]
% 2

program drop__ velocity

C-mmmmmmm- Initial Condition -----------------

c¢dd = the diameter of droplet [m]

cdf = the diameter of pool fire [m]

¢ hc = the hight of ceiling [m]

c Lf = the flame height [m]

cqt = the total heat release rate of fire
(kW]

¢ qc = the convective portion of gt [kW]

c thow = the density of water [kg/m"3]

c Vi = the exit velocity of water from a
sprinkler orifice [m/s]

cz0 = virtual origin [m]

o Variables -~=------=-=--mmmm

ccd = drag coefficient

cdt = time interval [s]

¢ tho = the density of plume [kg/m"3]

ctc = the excess temperature of plume [k]

cuc = the maximum velocity of plume at
the ceiling [m/s]

cvis = the viscosity of plume [Pa S e-6]

cvw = velocity of a droplet [m/s]
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dd = 00005
df 15
dt = 001
he = 4.
qt 884
g = qt+08
vi = 10,
c
Lf = ~-102+df+0235+qt*+04

c a fitted-curve of viscosity of air
C Parameter Value Error

Bl = 006178
B2 = -309765E-5
B3 = 823602E-9

Cvis = A+Bl+X+B2+X2+B3*X"3
CX = absolue temp.

rhow = 998,
VW = Vi
z1 = 0.
72 = hc

cu=34+(98/(1.+1.22+290)) »* (1/3) *qc
*+ (1/3)
ct=9.1#(290/(98+122%122%1%1)) »»
(1/3.) = qc *+= (2/3)

20=-102 »»df +0083 *+ qt *+ 04

write(1, * ) flame height [m]=".Lf

write(1, * )" virtual origin [m]="20

write(1, * )" 22, tc, uc, vw. re’



do 100 i=1,1000 if(z2leLf) go to 900

uc=cu/(z2-20) *+ (1./3) cd=24./re
te=29015+ct/(22-20) *++ (5./3.) vw=sqrt(vw * vw + (19.6-1.5 * (cd/dd) *
Vis=(A+Blstc+B2stcetc+B3 *tc*+3) (rho/rhow) * ur * ur) * vi #dt)
* le-6 zl=z1+vw *dt
rho=1294 * 273.15/tc z2=hc-z1
ur=uc+vw 100
re=rho * ur * dd/vis 900 stop
write(1, ¢ ) Z2tcucvw.re end

write(2, ) z2.tc.visrho
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