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Examiner’s comments:

This was a very popular question as it was a straightforward one.  Generally, answered very well. Student demonstrated good understanding of flame blow-off mechanisms and their application to the analysis in part (b).  The generation routes for NOx were also discussed quite well in part (c).  Algebraic errors were found to be common in the analysis required for part (b). 







N Swaminathan
Examiner’s comments:

The popular question had correct answer to part (a), demonstrating a good understanding of laminar premixed flame and its structure.  The second part was also answered quite well but a common error was in identifying the correct area for conductive heat loss from the flame to the metal plate. This led to incorrect hole diameter and some students showed difficulty to rearrange inequality relations with fractional powers.



Q3 (a) 
Here we compare the work output from the throttled and unthrottled cycles. The ratio of these 
work outputs represents the fraction of the time that the start/stop engine must run to supply 
the same average power demand. The fuel consumption is proportional to the average air 
flow. 
 
For an inlet manifold pressure of p1, !!" = #!$!(1 − 9#.%) = 	−1.408	#!$!. The mass of air 
induced is ! = !!"!

#$!
 . The temperature at the end of compression is given by 

 
$"
$!
= #%!%"$

&'(
= 2.408, and, T2 = 722.4 K,  T3 = 2522.4 K. Now p3V3 = mRT3, so  

%) = !!"!
#$!

#$#
%#
=	 *∗,-,,./∗!!)00  = 75.672 p1.  

 
Thus, the work done during the expansion is  

!&% = #&$&(1 − 1 9#.%⁄ ) = 75.672#!
$!
9 0.5848 = 4.917#!$! 

 
The pumping work is given by  !' = (#! − #()*)($! − $") = 0.89#!$! 41 − '!"#

'$
5. 

 
The net work per working cycle is   
                   !+,- = 64.917 − 1.408 + 0.89 41 − '!"#

'$
58 #!$!. 

 
For unthrottled running !+,- = 3.509#!$!, and for throttled running, p1 = 0.35 bar, !+,- =
1.856#!$!. Thus, the stop/start engine runs (100)(1.856)(0.35/3.509) = 18.5% of the time. As 
the AFR is the same, the fuel consumption is proportional to the air flow multiplied by the 
time running. The ratio of the fuel usage is therefore 1.856/3.509= 0.53, corresponding to a 
47% fuel saving. (Calculations at other levels of throttling show that the benefit is very 
pronounced at highly throttled conditions, but falls off rapidly for higher manifold 
pressures.)   
 
(b)   Potential advantages:  
 

1) By preventing fuel consumption during idle in slow moving traffic, start/stop allows 
greater overall efficiency, at a small penalty of electrical losses.  

2) For the same engine power rating, highway performance is little affected by start/stop.  
 
Potential disadvantages:  
 

1) The electric transmission (generator and motor) has to handle the whole engine 
power, the electrical machines and battery can be large and heavy, adding weight to 
the vehicle and thus detrimental to overall efficiency. 

2) The battery size has to be increased (adding further weight penalty), and frequent 
cycling may lead to shorter battery lifetime.  
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Examiner’s comments: 

This was second most popular question with good answers to both parts (a) and (b).  The students demonstrated a good understanding of the workings of the two engines, setup the correct relations for the net work per working cycle. Many students did not recognise that keeping p1 and V1 as they were simplifies the analysis and also there were errors in obtaining the pumping work for throttled (standard) engine.  These issues lead to incorrect estimates of fuel saving and the fraction of time the hybrid engine was running.    



2. (a) Starting with the energy equation, for a constant volume, constant mass system, we have:

dE = d(me) = d(mueu +mbeb)

d(mcvT ) = md((1� x)eu + xeb)
mcv
⇢R

dp = mcvd[(1� x)Tu + xTb] = mcvd[Tu + x(Tb � Tu)]

1

⇢R
dp = dTu + d[(Tb � Tu)x] = dTu + xd(Tb � Tu) + (Tb � Tu)dx

(b) We start from the equation in the previous item, and assume that �T = (Tb�Tu) is constant,
so that:

1

⇢R
dp = dTu + d[(Tb � Tu)x] = dTu +�Tdx

This can be integrated if dTu can be expressed as a function of pressure. For an isentropic
process,

Tds = dh� 1

⇢
dp = cpdT � RT

p
dp = 0
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Substituting:

1

⇢R
dp = dTu +�Tdx

1
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Integrating between the initial pressure p0 and p:
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4.



(c)

(d) The maximum pressure is reached when the reaction is complete. Under those conditions,
x = 1, and the final pressure is reached, which can be extracted from the transcendental
equation below:

1 =
Tu0

�T

"✓
pf
p0

� 1

◆
�
"✓

pf
p0

◆ ��1
�

� 1

##

In order for the assumption to be valid, the value of pf/p0 must equal the value obtained from

the overall energy conservation given by mq =
R f
i dE. This leads to

pf
p0

= 1 + (� � 1)
q

RTu0
.
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Examiner’s comments:

This least popular question was answered reasonably well.  The students were able to setup the energy balance required for part (a) but unable to carry out the integration required for part (b) because they did not recognise that dp and dT could be related using isentropic relations.  Some of these 9 candidates couldn’t attempt parts (c) and (d) as they ran out of time. 


