
2.61 Final Exam solution, May 2014 
Problem 1 
Ethanol cooling effects 

 
  



Problem 2 
Piston crevice knock 
 

(i) Detonation is more severe in the piston crevice gas is because the gas there is denser (due to the 
lower crevice gas temperature) than the combustion chamber gas.  Hence the energy density is 
significantly higher (by the temperature ratio). 

(ii) The detonation of the crevice gas is fast; hence, the release of energy may be considered as 
instantaneous at constant volume.  For ideal gas, applying the first law 

 
  



Problem 3 
Two Stroke Opposed Piston Engine 
 
Comparing the two-stroke opposed piston engine with the 4 stroke engine: 

1. It is a two-stroke, therefore, the power density is higher (theoretically twice; but lower in practice 
because of incomplete scavenging). 

2. For a two-stroke engine, the scavenging of the engine would lead to air feed through.  Therefore, a 
three way catalyst cannot be used. 

3. The air feed through is also a problem for diesel operation because it reduces the exhaust 
temperature and affect the after-treatment operation. 

4. To prevent fuel feed through, direct injection is needed. 

5. The combustion geometry is not favorable for air fuel mixing (for both spark and diesel 
configurations) since the injector has to be mounted on the side of the combustion chamber.  
Having more than one injector would be expensive. 

6. If the engine is a spark ignition engine, the flame propagation geometry is not favorable because it 
is started with the spark plug mounted on the side. 

7. No valve train is needed: substantially lower friction, lower cost, and lower weight to power ratio. 

8. Lower heat transfer because there is no “head” surface. 

9. Opposed piston configuration leads to better engine balancing and reduces noise-vibration-
harshness. 

10. The ring pack of one of the two pistons has to side over the hot exhaust port.  The process leads to 
lubrication and durability problems. 

The concept has been around for a long time.  People recognize the benefits (1, 7, 8 and 9).  It has been 
implemented in some engines; historically the large ones.  However (2) renders its application mainly to 
diesels, and (10) is a significant hurdle. 

(1) and (7) make the configuration attractive as engines for UAVs. 

  



Problem 4 
 
Engine downsizing 
 

(a) 
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(b) The BMEP value is proportional to the charge density at the intake manifold.  For the same manifold 
temperature, the boost is proportional to the density ratio.  Thus the pressure ratio of the compressor is 

18.3
Compressor pressure ratio = 1.66
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  

(c) The heat transfer per cycle Q is equal to the heat transfer rate times the time available.  In the following 
derivation, B is the bore; A is the combustion chamber area and is proportional to B2; the stroke L is 
proportional to B; N is the revolution per second 
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Comparing engine B to engine A: 
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Note the significant size reduction effect. 
(d) The friction force is equal to the normal force Fn times the friction coefficient, which is proportional to the 

square root of the Sommerfeld number.  For pistons that are geometrically scaled, the normal force is 
proportional to pB2, thus: 
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For simplicity, the oil viscosity  is assumed to be the same.  In practice  is a function of temperature, 
which changes with BMEP. 

Since work is force x distance travelled, the ratio of the piston friction work of engine B to engine A is 
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The ratio shows a significant reduction due to the size effect. 

(e) The brake fuel conversion efficiency is 
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The change in the gross indicated work Wi,g is due to the change in heat transfer, -Q.  Therefore, the 



change of f due to change of heat transfer and mechanical friction is  
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The gain of 1.69 percentage points may seem modest, however, since f at peak torque is about 33%, the 
improvement is 1.69/33 = 4.9%, a significant gain.  It will be seen below that the gain at part load is even 
more because of the reduced pumping loss, and that the heat transfer and friction losses are a bigger fraction 
of the fuel energy. 
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(g) The BMEP value is proportional to the charge density at the intake manifold.  For the same manifold 
temperature, the MAP is proportional to the density.  Thus the MAP ratio is 
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(h) Pumping work 
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(i) Same answer as in part (c).  Note that the absolute values are different, but the ratio is the same since the 
density ratio b/a for the part load case is the same as that for the peak torque case. 

(j) Same answer as in part (d). 
(k) The brake fuel conversion efficiency is 
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The change in the gross indicated work Wi,g is due to the change in heat transfer, -Q.  Therefore, the 
change of f due to change of heat transfer, mechanical friction, and pumping loss is 
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The gain of 5 percentage points is significant.  At part load, the fuel conversion efficiency is about 20%.  
Thus, the improvement of specific fuel consumption is 5.07/20 = 25%

 

 


