
XU7/L3

IPCO
m_ebrahim@ip-co.com

kakaee_ah@iust.ac.ir

GT Power

GT Power



XU7/L3

dis

ini

inidis

a
v

V

VG

"

pearson winterbone

(wave action)

Vectis Wave

"
 "

Gosman Peters

Hrovat Deur

Fdx

udF

x

u

t

2

22 uu

d

Af

Fdx

dFu

x

pu

t

u

Fdxqpv
u

TCFudx
u

TC
t

vv
22

22

p u

n+1/2 i+1/2 i-1/2

n i-1,i,i+1



i

n+1

 (t)

111 FuFu ttt

2

1

2

1

22

2

1

2

1
uaua tt

t

kk

t

t pp

1

1

ct pp

0

1

1

1

21

1

1

x

uu

t

nnnn

0

1

1

21

2

2

1

1

1

x

pupu

t

uu
nnnn

p u

222

2

1
ttc uaa

k

t

t

k

c

c pp

V

uF

t

n

i

n

i

0

t
t

n

ch

n

ch .1

0

1

1

1

21

1

1

x

uu

t

nnnn

0

1

1

21

2

2

1

1

1

x

pupu

t

uu
nnnn

p u



XU7/L3

rpm

XU7/L3



XU7

C=0.5*Volef2500+0.3* Volef3000+0.2* Volef3500

C

rpm



XU7/L3

rpm



mm

(C)

(mm)

(rpm)

rpm



XU7/L3

(mm)

(rpm)(mm)

(mm)

(rpm)

mm

mm

mm

(rpm)

rpm



 u

 p

 F

 k

 a

Volef2500

C

t

1

References: 

1. Capetti, A., Effect of intake pipe length on the volu-

metric efficiency of an internal combustion engine,NACA 

TM501, 1929.

2. Engelman, H., The Tuned Manifold: supercharging 

without a blower. ASME paper 53-DGP4, 1953.

3. Pearson,R.J. & Winterbone,D.E. A rapid wave action 

simulation technique for intake manifold design, SAE pa-

per 900676, 1990.

4. Bensler.H.P, Intake Manifold Optimization using CFD 

Analysis Ricardo Software international conference De-

troit, 1996.

5. Bensler.H.P, CFD optimization of powertrain compo-

nents, SAE paper 964022, 1996.

6. Desmond E Winterbone & Richard J Pearson, “Design 

Techniques for Engine Manifolds’, 2000.

7. B. Peters,A. D. Gosman, Numerical Simulation of 

Unsteady Flow in Engine Intake Manifolds SAE paper 

930609, 2003.

8. Deur, J., Hrovat, D., Asgari, J. Analysis of mean value 

engine model with emphasis on intake manifold thermal 

effects, Control Applications, Proceedings of 2003 IEEE 

Conference, 161- 166 vol.1 .

9. Nak W. Sung, Jae W. Song, Flow Analysis for a Cham-

ber Type Intake Manifold Engine, SAE paper, No. 961824, 

1996.

10. R. S. Benson, The thermodynamics and Gas Dynamics 

of Internal Combustion Engines, Clarendon Press, Vol. 1, 

Oxford, 1982.

11. Heywood J.B., Internal Combustion Engine Funda-

mentals, McGraw-Hill, NY, 1988.



The Journal of Engine Research/Vol. 20 / Autumn 2010

 

Intake Manifold Optimization of XU7 Engine to 
Improve Volumetric Efficiency

A.M. Ebrahim
MS student
School of Automotive Engineering
Iran University of Science & Technology 
IranKhodro Powertrain Co. (IPCO)
m_ebrahim@ip-co.com

A.H. Kakaee*
Assistant Professor
School of Automotive Engineering
Iran University of Science & Technology
kakaee_ah@iust.ac.ir

Abstract
The objective of this work was to develop a new design of an intake manifold through a 1D simulation.
It is quite familiar that a duly designed intake manifold is essential for the optimal performance of an 

internal combustion engine. Air flow inside the intake manifold is one of the important factors, which 
governs the engine performance and emissions. Hence the flow phenomenon inside the intake manifold 
should be fully optimized to produce more engine power with better combustion and further reduces the 
emission.

In this paper, during the new engine development the pressure waves for the intake manifold is simu-
lated using 1D GT-POWER software, to study the internal air flow characteristic for the 4-cylinder gaso-
line engine during transient conditions. Based on the 1D simulation results, the intake manifold design is 
optimized. As a result of this analysis, intake manifold with 2.5% improvement in volumetric efficiency is 
achieved.
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