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(1). (a).  Fire and explosion are the two main incidents that cause significant 

damages to equipment and deaths. To prevent accidents resulting from 

fire and explosion, engineers should be familiar with their natures, 

chemistry, and physics. 

 

(i). Differentiate the occurrence of pool, jet, and flash fire. 

 

[10 marks] 

 

(ii). Evaluate the effect of pool fire with large diameter on the radiation 

heat flux. Justify your answer based on the radiation heat flux 

equation. 

 [15 marks] 

 
 (2).    During a fire incident, approximately 28.3 m3 of petrol was spilled and ignited, 

resulting in a flame from a 2 cm thickness of pool. Based on the following data: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

...3/- 

Boiling temperature, Tb : 423 K 

Heat of combustion, ∆Hc : 45 000 kJ/kg 

Heat of vaporization, ∆Hv : 370 kJ/kg 

Specific heat capacity, Cp : 2.21 kJ/kg.K 

Ambient temperature, Ta : 298 K 

Soot surface emitting power, SEPsoot : 20 kW/m2 

Wind velocity, uw : 5 m/s 

Density of air, 𝜌air : 1.21 kg/m3 

Viscosity of air, 𝜂air : 16.7 x 10-6  Pa.s 

Saturation water vapor pressure, 𝑃𝑤
°  : 2320 Pa 

Relative humidity : 0.7 
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(a). Determine the heat flux 20 m from the flame’s surface in the direction of 

the wind. 

[15 marks] 

 

(b). Analyse the probability of injury (1st and 2nd degree burns) and death at 

20 m away from the flame’s surface. 

[6 marks] 

 
(c). Given the population density is about 1 person per 20 m2 in that area, 

predict the number of persons with 1st and 2nd degree burns, as well as 

the number of deaths. 

[4 marks] 

 
 

(3).     (a).   With the aid of sketches, discuss any THREE (3) stages of enclosure fire 

development in terms of pressure and flow of the hot and cold gases. 

[15 marks] 

 

(b). An atrium will be equipped with the automatic mechanical smoke 

ventilation that will be started by means of a heat detector at the ceiling. 

The heat detector will be activated if the temperature rises are in the 

range of 40-70°C above the ambient temperature. Design the range of 

heights for the atrium such that the heat detector could detect the heat 

from a 2.5 m2 diesel oil pool fire. 

 

[10 marks] 
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(4).     (a).   Fire development in an enclosure greatly depends on both enclosure 

openings and ventilation flow. By segmenting curve B in Figures Q4(a) 

and Q4(b) into several important sections, analyse how curve B in each 

figure deviates from the hypothetical growth rate curve A. 

[10 marks] 

                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                   

                    Figure Q4(a)  
    

          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                     Figure Q4(b) 
...5/- 
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      (b). A room fire produces an energy release rate that increases linearly from 

zero to 1 MW in 10 minutes and remains constant. The room with 150 

mm thick wall has dimensions of 5.5 m by 3.5 m by 3.0 m high. There 

are two windows 1.0 m by 1.0 m each in the room. 

 

(i). By selecting a preferred material of construction, outline the steps 

taken to predict the temperature inside the room at a particular 

time. 

[3 marks] 

 

(ii). Calculate the gas temperature at time 5 minutes from ignition. 

[6 marks] 

 

(iii). Evaluate the possibility of flashover to occur in 10 minutes. 

[6 marks] 
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APPENDIX 

 

Cp, heat capacity of air 1.00 kJ/(kgK) 

g, Gravitational constant 9.81 m/s2 

Cd, orifice discharge 

coefficient 

0.7  

 

Density (kg/m3) = 353/T (T in K) 

 

IDEAL PLUME  

 
 
 
 
 
 
 

 

 

ZUKOSKI PLUME 
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b=
6

5
𝛼𝑧 

u= 1.94 [
𝑔

𝑐𝑝𝑇∞𝜌∞
]
1/3

𝑄̇1/3𝑧−1/3 

𝑚̇𝑝 = 0.20 [
𝜌∞
2 𝑔

𝑐𝑝𝑇∞
]

1/3

𝑄̇1/3𝑧5/3 

∆𝑇 = 5.0 [
𝑇∞

𝑔𝑐𝑝
2𝜌∞

2
]

1/3

𝑄̇2/3𝑧−5/3 

𝑚̇𝑝 = 0.21 [
𝜌∞
2 𝑔

𝑐𝑝𝑇∞
]
1/3

𝑄̇1/3𝑧5/3          𝑚̇𝑝 = 0.071𝑄̇1/3𝑧5/3                    
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HESKESTAD PLUME 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For z > L 
 
 
 
 

For z < L 
 
 
 

McCAFFREY PLUME: 
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L= 0.235𝑄̇2/5 − 1.02𝐷                                  

𝑧𝑜 = 0.083𝑄̇2/5 − 1.02𝐷                                 

𝑄̇𝑐 = 0.6 𝑄 ̇ 𝑡𝑜  𝑄̇𝑐 = 0.8 𝑄 ̇  

𝑏 = 0.12 (
𝑇𝑜

𝑇∞
)
1/2

(𝑧 − 𝑧𝑜)                                 

∆𝑇𝑜 = 9.1 (
𝑇∞

𝑔𝑐𝑝
2𝜌∞

2 )
1/3

𝑄̇𝑐
2/3(𝑧 − 𝑧𝑜)

−5/3            

𝑢𝑜 = 3.4(
𝑔

𝑐𝑝𝑇∞𝜌∞
)

1/3

𝑄̇𝑐
1/3(𝑧 − 𝑧𝑜)

−1/3       

∆𝑇𝑜 = 25(
𝑄̇𝑐
2/5

𝑧−𝑧𝑜
)
5/3

                      

𝑢𝑜 = 1.0 (
𝑄̇𝑐

𝑧−𝑧𝑜
)
1/3

                      

𝑚̇𝑝 = 0.071𝑄̇𝑐
1/3(𝑧 − 𝑧𝑜)

5/3 + 1.92 × 10−3𝑄̇𝑐                  

𝑚̇𝑝 = 0.0056𝑄̇𝑐
𝑧

𝐿
                             

∆𝑇𝑜 = (
𝜅

0.9√2𝑔
)

2

(
𝑧

𝑄̇2/5
)

2𝜂−1

𝑇∞                           

𝑢𝑜 = 𝜅 (
𝑧

𝑄̇2/5
)
𝜂
𝑄̇1/5                                     

𝑄̇𝑐 = 𝑚̇𝑝𝑐𝑝∆𝑇 
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THOMAS PLUME: 

 
 

𝑚̇𝑝 = 0.188𝑃𝑧3/2 

 

𝑚̇𝑝 = 0.59𝐷𝑧3/2 

 
 

CEILING JET: 
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r/H<0.18 

r/H>0.18 

r/H<0.15 

r/H>0.15 
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ENCLOSURE FIRE 

2 VENTS OPENING 

UPPER LOWER 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Neutral Point 

 
 
 
 
 
 
 
                                                        𝐻 = ℎ𝑢 + ℎ1 
 

 

WELL MIXED (1 OPENING) 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Neutral Point 

 
 
 
 

 
...10/- 

𝑚̇𝑎 = 𝐶𝑑𝐴1𝜌𝑎√
2ℎ1(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 

r/

H

<0

.1

8 

𝑣𝑔(𝑧) = √
2𝑧(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
 

r/

H

>0

.1

8 

𝑣𝑎(𝑧) = √
2𝑧(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 

∆𝑃𝑢=
1

2
𝑣𝑔
2𝜌𝑔 

𝑣𝑔 = √
2ℎ𝑢(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
 

𝑚̇𝑔 =
2

3
𝐶𝑑𝑊𝜌𝑔√

2(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
. ℎ𝑢

3/2
 

∆𝑃1=
1

2
𝑣𝑎
2𝜌𝑎 

𝑣𝑎 = √
2ℎ1(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 

𝑚̇𝑎 =
2

3
𝐶𝑑𝑊𝜌𝑎√

2(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
. ℎ1

3/2
 

𝑚̇𝑔 = 𝐶𝑑𝐴𝑢𝜌𝑔√
2ℎ𝑢(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
 

ℎ1
ℎ𝑢

= (
𝐴𝑢
𝐴1
)
2 𝜌𝑔

𝜌𝑎
 

ℎ1
ℎ𝑢

= (
𝐴𝑢
𝐴1
)
2 𝑇𝑎
𝑇𝑔

 

ℎ1 =
𝐻𝑜

1 + (𝜌𝑎 𝜌𝑔⁄ )
1/3
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STRATIFIED (1 OPENING) 

For height HN to Ho 

 
 
 
 

 

For height HD to HN 

 
 
 
 

 
 
 
 

For height 0 to HD 

 
 
 
 
 

 
 
 
 
 

Total mass flow rate in through the vent 

 
 
 
 
 
 

 

CEILING VENT 

Ceilng Vent Lower vent 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Neutral Point 
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𝑣𝑎2 = √
2(𝐻𝑁 − 𝐻𝐷)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 𝑚̇𝑎2 = 𝐶𝑑𝑊𝐻𝐷𝜌𝑎√

2(𝐻𝑁 − 𝐻𝐷)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 

𝑚̇𝑎 =
2

3
𝐶𝑑𝑊𝜌𝑎√

2(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
. (𝐻𝑁 − 𝐻𝐷)

1/2 (𝐻𝑁 +
1

2
𝐻𝐷) 

𝑚̇𝑐 = 𝐶𝑑𝐴𝑐𝜌𝑔√
2(𝐻 − 𝐻𝑁)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
 

𝑚̇1 = 𝐶𝑑𝐴1𝜌𝑎√
2(𝐻𝑁 − 𝐻𝐷)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 

v(z)= √
2𝑧(𝜌𝑎−𝜌𝑔)𝑔

𝜌𝑔
 

𝐻𝑁 =
𝐴1
2𝜌𝑎𝐻𝐷 + 𝐴𝑐

2𝜌𝑔𝐻

𝐴1
2𝜌𝑎 + 𝐴𝑐2𝜌𝑔

 

𝑚̇𝑔 =
2

3
𝐶𝑑𝑊𝜌𝑔√

2(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
. (𝐻𝑜 − 𝐻𝑁)

3/2 

𝑣𝑎2 = √
2(𝐻𝑁 − 𝐻𝐷)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 𝑚̇𝑎2 = 𝐶𝑑𝑊𝐻𝐷𝜌𝑎√

2(𝐻𝑁 − 𝐻𝐷)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
 

𝑣𝑐 = √
2(𝐻 − 𝐻𝑁)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑔
 

𝑣1 = √
2(𝐻𝑁 − 𝐻𝐷)(𝜌𝑎 − 𝜌𝑔)𝑔

𝜌𝑎
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TEMPERATURE: 

PRE-FLASHOVER 
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