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Abstract - This paper presents the calculation methods of liquid release rate in the

transition region when hazardous materials leak from the pipeline due to an unwanted
accident. For the laminar and turbulent flow region, liquid release rate from a pipeline
can be calculated by using a commercial software or by using calculator based on the
models(equations) suggested by Crowl and Louvar et al. However, there has been no
corresponding model for the transition flow region.
In this paper. we showed that the turbulent model may be used as an eguation generally
used in the transition region for conservative hazard analysis if safety factor 30% is added
to the value calculated by the turbulent model. In this regard, we first calculated the release
rate from liquid pipeline in the transition region by using experimental data on Fanning
friction factor depending on Reynolds number which Lap-Mou Tam et al had introduced,
then compared it with that of the laminar and turbulent models in transition region.
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Fig. 1. Liquid flowing through a pipe.
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Table 1. Reynolds number and Friction
factor in the transition region.

Reynolds number(Re) | Friction factor(f,)
2870 0.0065
3000 0.0070
3100 0.0075
3200 0.0080
3300 0.0085
3400 0.0095
3500 0.0100
% Lap-Mou Tam. Afshin J. Ghajar 2823}
3 A
A¥ggdz WA EFdol ¥EHE 7
$E 23 ANUELE g Hel 44
Lig= 3 '
WA YF& A }-8-# g

+ Ps=Pa=101322N/n’

- AFLE - Ts = 20T +273.15=293.15K
- 71 E : Ta = 20T +273.15=293.15K
- AP E(20C) o/ = 878kg/m
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Table 2. Pressure Difference and Re\/fT,,

of Benzene in the transition

region. -
Reynolds | Friction
number(Re) | factor(f,) 4p Re\/f,_,
2870 0.0065 65 231
3000 0.0070 76 251
3100 0.0075 87 268
3200 0.0080 99 286
3300 0.0085 112 304
3400 0.0095 125 323
3500 0.0100 148 350
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Table 3. Release Rate and Error range
of Benzene in the transition
region.

Q' * Ql o QZ xx Q3 rA nB THC
0.0293.. |0.0342..| 0.0209.. 0.0275..| 17% | 28% | 6%
0.0306.. {0.0402..1 0.0230.. {0.0316..| 31% | 25% | 3%
0.0316.. {0.0460..] 0.0249.. [0.0355.. 45% | 21% | 12%
0.0327.. 10.0523..] 0.0269.. |0.0396..] 60% | 18% | 21%
0.0337.. [0.0591..1 0.0289.. 10.0440..| 75% | 14% | 31%
0.0347.. [0.0664..] 0.0309.. 10.0486..1 9196 | 11% | 40%
0.0357..10.0782..1 0.0339.. |0.0661..]119%| 5% | 57%
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Fig. 2. Release Rate @(kg/s) comparison
of Benzene.

Table 4. Pressure Difference and Re\/f_,,
of Toluene in the transition
region.

Reynolds | Friction

4P R
number(Re) | factor(f,) e\/?;
2870 0.0065 53 231
3000 0.0070 63 251
3100 0.0075 72 268
3200 0.0080 81 286
3300 0.0085 92 304
3400 0.0095 103 323
3500 0.0100 122 350




Table 5. Release Rate and Error range
of Toluene in the transition

region.

~ Q3 A | "B|C
0.0249..
0.0285..
0.0320..
0.0357..
0.0397..
0.0439..

0.0506..

** 0'2
0.0189..
0.0208..
0.0225..
0.0242..
0.0260..
0.0279..
0.0306..

" Q1
0.0308..
0.0363..
0.0415.
0.0472..
0.0533..
0.0599..
0.0706..

Q
0.0264..
0.0276..
0.0285..
0.0295..
0.0304..
0.0313..
0.0322..

17%
31%
45%
602
5%

91%

119%

28%
25%
21%
18%
14%
11%

6%
3%
12%
21%
31%
40%
57%
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Fig. 3. Release Rate Q(kg/s) comparison
of Toluene .
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