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The estimation of the temperature distributions
of an engine requires consideration on the process
of releasing heat generated through combustions to
the atmosphere. In this study, the heat inflow/outflow
balance was calculated using one-dimensional thermal
simulation tool. Using those results as boundary
conditions, three-dimensional simulation on the
structures of an engine was conducted to establish a
method to estimate the heat distributions of an engine.
An air-cooled engine, whose cooling conditions are
highly susceptible to its configuration and shape, was
selected as the target engine for investigation.

The 1D simulation for calculating the heat balance
was structured with four specific methodologies. The
first one was an engine cycle simulation method
that calculates the heat transfer from the combustion
gas to the engine structures. The second one was
a heat transfer simulation method in which engine
components were replaced with simple shaped objects.
The third one was a CFD coupled with an empirical
formula to calculate the heat transfer to oils situated
in various regions in an engine. The last method was
a CFD simulation applied to the running conditions of
a complete vehicle to calculate the heat transfer to the
atmosphere.

Utilizing the results yielded through this one-
dimensional thermal simulation as the boundary
conditions, the three-dimensional temperature
distributions were estimated. As the result, it was
confirmed that the temperature distributions of an
engine could be estimated with a high accuracy under
running conditions of a complete vehicle. Moreover,
it was verified that the temperature distributions can
be estimated accurately for a variety of vehicles
with engines of different specifications and mounting
conditions.
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Table 1 Engine specifications of test motorcycles
Vehicle A Vehicle B
Engine type 4 stroke engine | 4 stroke engine
Number of cylinders 1 1
Cooling system Air-cooled Air-cooled
Bore [mm] 79 50
Stroke [mm] 59.5 55.6
Displacement [cm3] 291.6 109.1
Compression ratio [-] 9 9
Maximum brake power [KW] (7,5(;(?r?min) (7,506(3).2r/min)
Maximum brake torque [Nm] (6,0505.5min) (5’50%?/“”)
Maximum vehicle speed [km/h] 128 89

(a) Vehicle A

(b) Vehicle B

Fig. 1 Engine shapes of test motorcycles




Honda R&D Technical Review

Vol.27 No.2 (October 2015)

3. BRETFAFEHE

AWFFC B WS PIHITFROME % Fig. 2 1287,
IV VORI AT 5120, RBET 205 T

VIOVNDANE, VU VNOIRE, T Y VR B A

ANNDEYETE, FANT —F12X DA A D55 AD

BB B XL YO v T 4 vhBIRANDRERE L, T 5

O REFE TCOERREZR T 2LENDH D, T DI

KETRD 728, TR 1 & R § % —IRIL#E Y X =

L=y a VEFILEREEL 72

- RIS K0 RA L 2B ORI ERETI A 6 TV Y VIEE
NOBILEDOFEIZIE, KLy VA Iy I 2
L= g VERMW.

- YV VHNEOEEGIREIZE, vy v aAy PV Y Y
LD RE —RILETFMELLTY I 2L —3 3 YINICH
AIAAT.

- VY VDF A IEBENEED S X A LANDOEMREDE R
IE—RICH A (1 Dimensional Computational Fluid
Dynamics: 1D-CFD) # w72, 7275L, ¥ Y v &~y F
DHLY ¥ T FEOKDIREE %X A L BFN B E55%
V2 bYYxy b256F A MK BEEEDFHEIZIE,
*ANZEHO 3D-CFD &FHlC & D E & Y U 2285
KOFBAZMABDETHN-,

- ETFEEICB T BT Y Y h b ARANDBEEDFELIC
&, FERE O EATIRGE & il U 72 3D-CFD % FHw 72,

1D engine cycle

simulation (

1D Thermal simulation model

TIN5 DM MK XTI VY Y OB HREE % K
W, ZORE,SGEE N 2 A4 ILOEE B L OEYR
BMELEBASZMEL LTHWT, TV Y Y OEEOIRE 50
EEWIUERS 32— 3 VTR®D 7.

4. R FRIF A

41, T T DORIRESTHE
WHETPUNCEWCHEELZDX, MET ZAr6T Yy VY
MEMNOBRIZEELHERLSGHTZ2ILTHE. Th
2, RGPy A4 o0y Iab—Y g vEHN
2. R YO UYH ALY I 2L —v g viE, T VY
YRRIZ BT bR a4k T O ETIR
JERIZEEE T Y Y VNIRRT & & OFH A [
BB >TWA. 20720, 22 TORMZEFH IO
VIEAZ L ETA, VU A LY I AL —Y gV
T, MRIEER KR — b 2 EAREIFRIR O 2 B % 5
REME L TERELETNUIE S RV, KIFEIZE T 5
EPHITIE, =Y OB EGTT 5 ot X 2
L=y a VNIZZ VO YA 2Ly I ab— g Y EfA
At Z L TEREMNRE IR ST A<, AR E LT
BohsdZiins.

42, T2 ABREBmADRHETE
IV Y VRSN BIAR, ) vy PRV Y

1D « 3D

—

Heat generation by
combustion

Fluid-Solid
Coupling

Solid-Solid
Coupling

Convective heat
transfer to air

Thermal conduction

i
I a : Engine surface

a : Heat transfer coefficient
T :Fluid temperature

@——@ |nstalled
@ — < Data input

Boundary conditions
a, T

Port / Oil passage / -+

1D-CFD for oil flow rate
-y
& 4 & 3%
) e = W =
Convective heat Ll el
transfer to oil . 5
n-::_lrl_' w
I {@ [ —— 9'.
Ll - - = ¥
I —
Combustion chamber / |

L
- -
|
Experiment
data \ -
Oil flow in

Oil jet camshaft chamber

3D Thermal conductivity simulation

Fig. 2 Overview of temperature estimation method for air-cooled engine
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Table 2  Calculation conditions of CFD for oil jet

Solution type
Working fluid

Unsteady state

Qil and Air

Compressibility Incompressible

SIMPLE
(Semi Implicit Method for
Pressure Linked Equation)

Pressure velocity coupling

Mesh type Hexahedron
Mesh size [mm] 0.15-2.4
Engine speed [r/min] 2,000
Flow rate of oil jet [I/min] 1.0
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Table 3 Calculation conditions of CFD for airflow

Solution type Steady state

Working fluid Air

Compressibility Incompressible

Turbulence model Realizable k-¢

Hexahedron
Mesh types Tetrahedron
Pyramid
Mesh size around the engine 1.8
[mm]
Total number of meshes 25,000,000
Vehicle speed [km/h] 128
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Table 4 Calculation conditions of 3D thermal
conductivity simulation

Solution type Steady state

Mesh type Tetrahedron
Mesh size [mm] 0.7-1.4
Total number of meshes 15,000,000
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