
2.611 Fall 2006 
Problem Set #5 Answer Key 
 
Problem 1 (Just parts A and B). 
 

 
 
 



 
 
 
 
 
 



 
 
 
 
 
Problem 2 
 
Diesel engine (two stroke) 3

1 1.0V m= , 13.0vr = , 1.8pr = , 1.4cr = , 1 300oT K= , 

( )2
1 1 bar 100 /p kN m= , / 1.00 / 0.7143p vC Cγ = = , 0.286 /R kJ kgK= , 79 rpm 

 

 Temperature:  
1

0.41
2 1

2

300 13 836.9oVT T x K
V

γ −
⎛ ⎞

= = =⎜ ⎟
⎝ ⎠

 

    3 2 836.9 1.8 1506o
pT T xr x K= = =  



    4 3 1506.5 1.4 2109.1o
cT T xr x K= = =  

    ( )
0.4

5 4 4 5
1.4/ 2109.1 864.9
13.0

oT T x V V K⎛ ⎞= = =⎜ ⎟
⎝ ⎠

 

   ( )1 3 2H vQ mC T T= − , where ( )1 1 1/ 100 1/ .286 300m pV RT x x= =  

  b. 1.1655m kg=  

  c. ( )11.1655 1506.5 836.9 557.4
1.4HIQ x kJ= − =  

   ( ) ( )2 4 3 1.1655 1.0 2109.1 1506.5 702.3H pQ mC T T x kJ= − = − =  

   ( ) ( )2 5 1
11.1655 864.9 300 470.29

1.4LQ mC T T x kJ= − − = − − = −  

  d. Work output =  
2 557.4 702.3 470.29 789.45HI H LQ Q Q kJ+ − = + − =  per cycle  

   Power of the two stroke engine = 
Work / 60 1.039.4 /xrpm kW cycle=  

  e. The turbocharger compressor pressure ratio / 3.9out inp p = , 
0.83pcη =  

   ( )
1

/ / 3.9 1.5976pcout in out inT T p p
γ
η γ
−

= = =  

   300 1.5976 479.3out compT T x= = =  

   
1 1

1 1479.3
479.3 300

comp

comp w

T T T
T T

ε
− −

= =
− −

 

   ( )1
1 479.3 0.8 479.3 300 335.8oT K= − − =  

  f. All temperatures are scaled from previous results by 
335.8 / 300 1.1195=  

   1
2 936.97oT K=   1

3 1686.6oT K=  

   1
4 2361.2oT K=   1

5 968.3oT K=  



   Heat transfers 1HQ , 2HQ , and LQ  are all scaled by mass of air in  

cylinder and temperature. 

( )
11

1 1 1 1 1
1 3 2 1

1
H v H

TmQ m c T T x xQ
m T

= − =  

1
1 1 1 1 1

1 1 1 1
1 1

/ 4.06p Tm p V RT mx x kg
p T

= = =  

1
1 1

1
1

3.9 2173.9H H m
pQ Q x xQ kJ
p

∴ = = =  

2 2739.1HQ kJ=  

1 1834.1LQ kJ= −  

The work per cycle is proportional to the heat transfers. 

1 Work output 3078.9kJ∴ =  per stroke 

and 1 4053.8Power kW=  per cylinder 

 

Problem 3 

 

 

 

Given: 

T1 300K:=  p1 3bar:=  γ 1.4:=  cp 1.00
kJ

kg K⋅
:=  LHV 43000

kJ
kg

:=  

From the article: 
rv 14:=  

bore 0.57m:=  eng_RPM 375RPM:=  

stroke 0.75m:=  piston_speed 9.4
m
s

:=  

a. Temperature calculations: 
T2
T1

rv
γ 1−  so T2 T1 rv

γ 1−
⋅:=  T2 862.1K=  

T3 T2 300K+:=  T3 1162.1K=  

T4 T3 800K+:=  T4 1962.1K=  

rp
T3
T2

:=  rc
T4
T3

:=  



 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 

 
 
 

 

 
 

 
 
 

 
 
 

T5 T1 rc
γ

⋅ rp⋅:=  T5 841.9K=  

Volume and pressure calculations: 

swept_volume
π

4
bore 2( )⋅ stroke⋅:=  and V1 V2− swept_volume  

rv
V1
V2

 so 

V1 rv V2⋅  

rv V1⋅ V1− rv V1⋅ rv V2⋅−  

V1 rv 1−( )⋅ rv V1 V2−( )⋅  

V1 1
1
rv

−⎛
⎜
⎝

⎞
⎟
⎠

⋅ V1 V1− swept_volume 

V1
swept_volume

1
1
rv

−

:=  
V1 206.104L=  

V2
V1
rv

:=  
V2 14.722L=  

p2 p1 rv
γ

⋅:=  p2 120.7bar=  

p3 p2 rp⋅:=  p3 162.7bar=  

p4 p3:=  p4 162.7bar=  

p5 p1
T5
T1

⎛
⎜
⎝

⎞
⎟
⎠

⋅:=  p5 8.4bar=  

b). rp 1.348=  

rc 1.688=  

c). the thermal efficiency 

η th_dual 1
1

rv
γ 1−

rp rc
γ

⋅ 1−

rp 1−( ) γ rp⋅ rc 1−( )⋅+

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

⋅−:=  η th_dual 0.618=  

sfc
3600

s
hr

η th_dual LHV⋅
:=  sfc 0.135

kg
kW hr⋅

=  



 d). mass of air in each cylinder--use ideal gas law 

PV mRT (at condition 1, for example) 

m
p1 V1⋅

287
J

kg K⋅
⎛⎜
⎝

⎞⎟
⎠

T1⋅

:=  m 0.718kg=  

e)  power output per cylinder 
cp γ cv⋅  so cv

cp
γ

:=  

m_dot m 375⋅
rev
min

min
60sec

⎛⎜
⎝

⎞⎟
⎠

⋅
1power_stroke

2strokes
⎛⎜
⎝

⎞⎟
⎠

⋅:=  

Q_dotH1 m_dot cv⋅ T2⋅ rp 1−( )⋅:=  

Q_dotH2 m_dot γ⋅ cv⋅ T2⋅ rp⋅ rc 1−( )⋅:=  

Q_dotL m_dot− cv⋅ T1⋅ rc
γ rp⋅ 1−⎛

⎝
⎞
⎠⋅:=  

W_dot Q_dotH1 Q_dotH2+ Q_dotL+:=  W_dot 1407.6kW=  per cyl 

f). mean effective pressure 

MEP
W_dot

swept_volume 375
rev
min
⋅

min
60 sec⋅

⎛⎜
⎝

⎞⎟
⎠

⋅
1 power_stroke⋅

2 strokes⋅
⎛⎜
⎝

⎞⎟
⎠

⋅⎡⎢
⎣

⎤⎥
⎦

⋅

:=  
MEP

power

cyl

swept_volume

sec

 so 

MEP 23.53bar=  

g).   Include a comparison of your calculated results with the numbers in the article. 


