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Abstract

This project works on the nurerical simulation of a Stirling engine based on
fluid structure interaction analysis, FSI, by using a medium temperature difference
SEB-100 Stirling engine as a case study. This modelling considered in an internal heat
loss throughout the structure of all heat exchangers that it effected on the engine
performance. The results obtained from fluid structure interaction analysis with the
conjugate heat transfer were compared to the results obtained from the simulation
with computational fluid dynamics model.

From the numerical results under the working condition of the heater space
temperature of 500 °C and the charged air pressure of 7 bars, it was found that the
results obtained from the fluid structure interaction analysis with the conjugated
heat transfer presented the temperature difference of gas between the heater space
and the cooler space being lower than that of the results obtained from the
simulation with computational fluid dynamics model. It showed an internal heat loss
occurring throughout the structure of engine from the heater part to the cooler part.
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AMANLUIN N
C Subroutine #3U Dynamics Layering

#include "udf.h’
#include "dynamesh_tools.h"

#define RADIANS(deg) (M_PI*(deg)/180.0)
#define Ae 0.0185 /* crank throw */
#idefine Ac 0.0185 /% crank throw */
#define L 0.1 /* conrod length */
#define Z LIMIT -0.037

DEFINE_CG_MOTION(piston_e, dt, cg_vel, cg_omega, time, dtime)
{ .
/* get RPM and starting crank angle */
real rpm = RP_Get_Real ("dynamesh/in-cyn/crank-rpm”);
real start_angle = RP_Get_Real ("dynamesh/in-cyn/crank-start-angle®);
real z_piston, angle;

/* compute current angle at t = time
note: crank-rpm is in units of RPM
crank-start-angle is in units of degree */
angle = start_angte+time/A1/rpm/60)/360);
angle = RADIANS (angle);

/% compute current z_piston (=0 at tdc, angle = 0) */

z_piston = Ae*(1+cos(angte))-Ae;

Message ("\\ntime = %f, piston_e = %f, angle_e = %f", time, z_piston,
angle*180/M_Pl);

/* compute position of CG from reference origin */
NV V VS (cg vel, =, DT_REFO{(Dynamic_Thread *)dt), +,

DT_AXIS ((Dynamic_Thread *)dt), *, -z_piston);

/* compute change in cg location ¥/

36



NV _V (cg vel, -=, DT _CG ((Dynamic_Thread *)dt));

/* compute velocity vector */

NV S {cg vel, /=, dtime);

NV S (cg_omega, =, 0.0); /* no angular motion */
}

DEFINE CG_MOTION(piston_e b, dt, cg vel, cg_ omega, time, dtime)
{
/* get RPM and starting crank angle */
real rpm = RP_Get_Real ("dynamesh/in-cyn/crank-rpm");
real start_angle = RP_Get_Real ("dynamesh/in-cyn/crank-start-angle”);
real z_piston, angle;

/* compute current angle at t = time
note: crank-rpm is in units of RPM
crank-start-angle is in units of degree */
angle = start_angle+time/(1/(rpm/60)/360);
angle = RADIANS (angle);

/* compute ceeurrent z_piston (=0 at tdc, angle = 0) */

z_piston = Ae*(1+cos(angle))-Ae;

Message ("\ntime = %f, piston_e = %f, angle_e = %f", time, z_piston,
angle*180/M Pl);

/¥ compute position of CG from reference origin */
NV_V_VS (cg vel, =, DT_REFO{Dynamic_Thread *)dt), +,
DT_AXIS ((Dynamic_Thread *)dt), *, -z_piston);

/* compute change in cg location */
NV V (cg vel, -=, DT_CG ((Dynamic_Thread *)dt});

/* compute velocity vector */
NV_S {cg_vel, /=, dtime);

NV_S (cg_omega, =, 0.0); /* no angular motion */
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DEFINE_CG_MOTION(piston_c, dt, cg_vel, cg_omega, time, dtime)

{

/* get RPM and starting crank angte */
real rpm = RP_Get_Real ("dy

namesh/in-cyn/crank-rpm®;

real start_angle = RP_Get Real ("dynamesh/in-cyn/crank-start-angle"),
real z piston, ancle;

/* compute current angle at t = time
note: crank-rpm is in units of RPM
crank-start-angte is in units of degree */
angle = start_angle +90 + time/A1/rpm/60)/360);
angle = RADIANS (ansle);

/* compute current z_piston (=0 at tdc, angle = 0) */
z_piston = Ac*{1+cos(angle+M_Pi))-2*Ac;
Message ("\ntime = %f, z piston_c = %f, angle_c = %f", time, z_piston,

angle*180/M_PI-90);

}

/* compute position of CG from reference origin */
NV V VS (cg vel, =, OT REFO((Dynamic_Thread *)dt), +,
DT_AXIS {(Dynamic_Thread *)dt), *, -z_piston);

/* compute change in cg location */
NV_V (cg vel, -=, DT_CG ((Dynamic_Thread *)dt)};

/* compute velocity vector */
NV S (cg_vel, /=, dtime);
NV S (cg_omega, =, 0.0); /* no angular motion */
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