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Numerical Simulation of Super-Adiabatic Heat Engine with Reciprocating Combustion
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Abstract
This paper studies mathematical model of heat engine with
reciprocating combustion in porous media.The system consists of

two pistons and a thin porous medium in a cylinder, one

being a displacer piston and the other a power piston.These

create reciprocating motion of gas in cylinder.The residual

combustion gas enthalpy is effectively regenerated to induce

enthalpy increase in the mixture ( preheat ) though
heat

the porous

medium, which  provides storage. A one-dimension

mathematical model of

the system is formulated and solved

by numerical method. Due to heat recirculation, the maximum
temperaturs 8 higher than the thearetivet 840 K, the ashiaust ga8 i
lower than the theoretical and the thermal efficiency is higher than

Otto eyele 25%

Keywords: Porous Media/ Super-Adiabatic Heat Engine/

Combustion



1. NOMENCLATURE

A =
A, =
Co =
Ce =
¢, =
D =
Da =
d, =

m
H

TMad,comp

x
n

< X Xx
1]

frequency factor far cambustion {g'1]

surface area of equivalent sphere [mz]

thermal conductivity ratic = )»/?\,5

solid specific heat at constant volume kg 'K
gas specific heat at constant volume [Jkg'1K"]
diffusivity m’s ']

dimensionless permeability = keqlxo2

diameter of equivatent sphere of solid phase [m]
activation energy [kJ/kmol] .

heating value of mixture [kJ kg'']

dimensionless combustion heat = hy/(c,Ty)
dimensibnless rate of reaction = (hoxOZW)/(chou)
parmaability [mz}

length of connecting rod [m]

Lewis number = K/(Dcv)

crank ratio = 2r/x,

~ dimensionfess area of particle = (xgzocsnsAs/;v)

number density of particle [m'a]
pressure [N/mﬁ

dimensionless pressure = p/pg
crank radius [m)

universal gas constant [kJ/kmo! K}
Reynolds number = (DoMrx)/HL
dimensionless density = /0,

gas temperature [K]

solid temperature [K]

dimensionless adiabatic flame temperature = T,4/Tg

= dimensionless adiabatic compression flame
temperature =T,q comp/ To

dimensionless gas temperature = T/T,
dimensionless solid temperature = T/T,
time [s}

gas velocity [m s

dimensioniess gas velocity = ufug
volume [ms]

volume of porous meia [ma]
dimensionless volume = v/vg

reaction rate [kg ms ]

distance [m]

length of porous meia [m]
dimensionless distance = x/Xg

product mole fraction
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Greek symbols

A = gas thermal eonductivity fwm'™ K]

7Ls = ratio of con'necting rod to crank radius = Lir
H = gas viscosity [kgm™' s

p = gasdensity [kg m

Ol = heat transfer coafficient [W/m2 K}

r = thermal capacity ratio = (DsCy)}(PC)

[ = angular vetocity [rad/s)

¢ = phase relation angle [degree]

Nuw = thermal efficiency

Nr = Regenerator efficiency

Gc = crank angle of displacer piston [degree]
8, = temperature ratio = To/Tpmax

€ = compression ratio

Superscripts

+ = positive direction
- = pegative direction
Subscripts

max = maximum

min = minimum

0 = inlet

g = gas phase

s = solid phase
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Continuity equation

op , 0(pw) _ "
ot 0 x
Momentum equation
o 2

p—+pu—~=-—§g+ —u——“-u @
ot & &KX Kk

L @

™ 37 n_

Gas phase energy conservation equation

or or .07 O(Pu)
P, —HPeu—=A—— —OnA (T—T,)———+h W
a o O Ox
4
Solid phase energy conservation equation
oT a%r
pscvu 2 =}\'s 28 +(x’;n,A,(T—T,) (5)
ot Ox :
Species equation
paY+p ov DaZY+W (6)
— u =
ot 0 x 0 x 2
Ideal gas equation
p=pPRT ]

~gmsanmauinlfiten w mldnn
W = Ap(1— Y)exp(—E/RT) @)

Disptacement equation

X
x==24r H-cosec —7\,p o (8)
2
5. Boundary conditions a2 Initial conditions
54 Boundary conditions
8 displacer piston T=T,Y=0 (10)

ﬁﬂ
. .AA R
NN power piston
or oY (11)
~= 0. =0
5.2 Initial conditions
Tusmsdmaniann [4] Duwdoulududulumsduan
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5.3 Method of solution
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