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Development of a Computer Program to Evaluate Smoke Volume Flow rate
and Temperature for Tunnel Fires

IEL

Won-Hee Park

Abstract Smoke temperature and volume flow rate in a tunnel fire are calculated. To obtain realistic results, enthalpy
of smoke which composites combustion gases and entrainment air is calculated from curvefit polynomials by
temperature. A user-friendly computer program for them is also developed. This program might be used for a good
engineering tool in design of fire safety and mock/reduced-scale fire tests in a tunnel.
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Table 1. Coefficients for various fules in Eq. (1)

c Aco, a0 Oy,

LNG(mostly CH,) 2 1 2 7.52
LPG(mostly CH,) 5 3 4 18.8
Rek (GH,) 6.5 4 5 24.44
4 (GH, ) 9.5 6 7 35.72
A& (GH,) 11 7 8 41.36
WA (GHy) 7.5 6 3 28.2
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Table 2. Heat of combustion, m;'oo, k@ for various fuels
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Table 3. Curvefit coefficients for enthalpy of combustion products
and air (300-1000K)

AH, m’,, kg
MJ/kg) (kg/mzs) (m'l)

wgk (CH,) 50 0.078 1.1
Z2 (GHy) 46 0.099 14
Bet (GH)) 45.7 0.078 2.7
ik (GH,) 44.7 0.074 19
et (GHg) 44.6 0.101 1.1
wA (G H) 40.1 0.085 2.7

co, H,0 N, 0,
a; | 0.02275724E002 | 0.03386842E002 0.03298677E002 |0.03212936E002
ay | 0.09922072E-01 0.03474982E-01 | 0.14082404E-02 | 0.11274864E-02
ay | -.10409113E-04 -.06354696E-04 | -.03963222E-04 | -.05756150E-05
a, | 0.06866686E-07 | 0.06968581E-07 0.05641515E-07 | 0.13138773E-08
as | -.02117280E-10 -.02506588E-10 | -.02444854E-10 | -.08768554E-11
ag | --04837314E006 | -.03020811E006 | -. 10208999E004 | -.10052490E004
Table 4. Curvefit coefficients for enthalpy of combustion products

and air (1000-5000K)

co, H,0 N, 0,
ay 0.04453623E002 | 0.02672145E002 | 0.02926640E002 | 0.03697578E002
Qo 0.03140168E-01 | 0.03056293E-01 | 0.14879768E-02 | 0.06135197E-02
ag | -.127841 05E-05 | -.08730260E-05 | -.05684760E-05 | -.12588420E-06
ay 0.02393996E-08 | 0.12009964E-09 | 0.10097038E-09 | 0.01775281E-09
Qas _.16690333E-13 | -.06391618E-13 | -.06753351E-13 | -.11364354E-14
Qg | -04896696E006 | -.02989921E006 | -.09227977E004 | -.12339301E004
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Fig. 1. Calculational flow chart for smoke temperature and flow rate
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Fig. 2. Initial screen

Tunnel Fire Smoke Madel

Input File S,
TUNNEL1
Inputs 7
Tunnel height [m] 5.0000
Total heat release rate [KW] 1000.0000
Ambient density [Air} (kgtm"3] 1.2300
Ambient temperature [K] 1293.0000
Radiation Fraction Xﬁél]ﬁli T
FUEL [
ight
HAXANE. ¢~ Molecular Weight [kJfkmale K]
Mass flux coeff. [kgim"2s]
Mass flux coeff. kappa*h[m*~1] . o
Heat of Combustion [kJ/kg] T
Outputs B

Diameter of fire source [m] !
Smoke Temperature[K] |
|
\

Smoke Volume Flow Rate [m"3}sec]

EXIT

Fig. 3. Dialog box of input/output
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Fig. 4. Smoke temperature/flow rate for tunnel hight (heptane, 10MW)
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