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Abstract

This paper study mathematical model of heat
transfer with cyclic flow reversal combustion to air by
LPG. The flow and the radiative heat transfer are
assumed to be one dimensional. Attention was focused
on combustion system in radiation dominated heat
transfer of porous medium and heat transfer to air.
Mathematical model of the combustion system is

formulated and solved by a numerical method for



studying influence of various parameter that affect
thermal structure and efficiency of heat transfer to air

.e. optical thickness, flow velocity, half-period,

equivalence ratio and air flow rate. Comparison between

the theoretical results and the experimental ones
(separate studies) were made so as to investigate the
validity of the proposed model. The results agree

qualitatively and quantitative with available experimental

results for the case of without thermal load. Further Y

studies for the case of with thermal load (air flow) will
be performed in the near future.
Keywords: Porous Medium / Radiation / Combustion

1. NOMENCLATURE

A = frequency factor for combustion [5'1]

A, = surface area of particle [m’]

¢, = (gas) specific heat at constant pressure
Wikg K

D = diffusivity [m’s ]

d p = diameter of equivalent sphere of porous
medium [m]

E = activation energy {kJ/kmol]

E = exponential integral function, n=1, 2, 3

7K, = heat transfer coefficient (W m? K]
h, = heating value of mixture [J kg ]

q, = radiative heat flux [W m’]

k = overall heat transmission coefficient for
the heat loss (W m " K]
L,L, = length [m]
I = intensity of radiation [Wm]
n, = number density of particle m’)
R = gas constant [kJ/kmol K] .
RR = dimensionless rate of reaction
T = (gas) or air temperature [K]
T, = solid temperature [K]
t, = half-period [s]
t = time [s]
u = (Qas) velocity [m s
Y = mass fraction of product

W = reaction rate [kg m's )
x,y = distance
Greek symbols
KX = absorption coefficient m’]
A = (gas) thermal conductivity [W m' K]
M4 = (gas) viscosity [ kg m's]
p = (gas)density [kg m
o = Stefan-Boitzmann constant [W m'2 KJ]
¢) = equivalence ratio
T =  optical thickness = K x
T = dummy variable of integration
£ =  emissivity
Superscripts
+ = positive direction
- = negative direction
n =  net
Subscripts
adi =  adiabatic
b =  black body
e,d = exitplane or downstream
m = mean value
max =  maximum
0,u =  ambient temperature or inlet plane or
upsiream
S = solid
g =  gas phase
p = particle
] = solid
out = outlet, outside
in = inlet, inside
w = wall
2. unw
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Sou (emissivity and absorptivity) ﬁgon'i'mmuzﬁwmn
valddsingnasalnisifad §isuanisiafi(chemical
reaction) wazMstnEneaMyioulheat transfer) Twss
Tl usnenefizoni
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4.1 Species equation

f0<x< x,

CZ pu%:— = ng—g—ntw (1)
Tapfl Sammaifadfften fe
w=Ap(1-Y)exp(-E/RT) )
4.2 Gas phase equation
i 0<x<x,

ar T
p:pa+ng—— = Z?a?—+hw~hpnpAp(T~ )-————(T—T)

3
4.3 Solid phase equation
#l0<x< X,
A
sy s TT)
o ax ox s

“)
4.4 Radiative heat flux ‘taz Divergent of net radiative

heat flux
fl 0<x<x,

T
gy (®) = 2[1_Eofec+ (!) IyBe- D] g

g (D=-211 Bz, ~0)+ [, Ey(7 —1)7']
(6)

BT e e, 521 [ OB~
(7)

les#t g/ (z)=¢q;(r)+4q;(r) ®)
oT?
I(r)=—* 9)
}5 n-2
E,(T) = 2) p o exp( - Updy (10)

Qf A Q)
4.5 ammszmqawaaa'mnumﬁ'mmﬂwﬁ

j T (x)-T,)dA =0T, 4 (1
A

' 4
4.6 sunmdmvasnnaniddgnanuion

4.6.1 Gas phase energy equation

2 308
ar ar o°T
(pcp)air 5—+(pucp)a1r ay _13—2—'_1117"

(12)

4.5.2 Solid phase energy equation

3T
03/2 ¥
4.6.3 Divergence of net radiative heat flux

@) _
@

Pscps —Lthpnpdp(T-Tg)  (13)

2K, Ey(0)+], Ey(r, ~0)~20,(0)+ [ L (e -]

(14)
4.6.4 Radiative heat flux

g;(1)=q;(r)+q;(7) (15)

g, (r)=2x{1, E,(r)+ j]b(r')Ez(t ~)dr']  (16)

q, () ==2xll E(z,-1)+ Ilb (tE,(r' - 1)d7']

(17)

Tasf
g,(1)=q;(v)+4,(7) (18)
oT?
I, = — (19)
T
1 n—2
E () = (I) p T exp( - vudu (20)

5. Boundary conditions &z Initial conditions
5.1 Boundary conditions

nydlofinslufamandrolusn (forward flow)

T, =T, s 120,x=0
oT, /Ox = constant fa 1>0,x=7L
, or
y=0:T=1,, y=ye:5—0 (1)
= =0
msm T, Y=Y wae T, Y
x=L,t>0s x=0,6>0s

W ldanmsBufisnIn half control volume IMNRNNS
Yo 3Lt &193L boundary USLIMMILTILezMIBEN
femudurosmsudiifnnnedausndosuy 9
ﬂmﬂm‘éam@ﬁamaﬁamﬂu’i‘e\nﬁwﬁﬁqmﬂqﬁm'\ﬁu

aunniAeg T, = To = 303 K b

A (T-T
p AT -T5)



I,=I"(0)=0T; /7 e t20,x=0
I,=0"0)=0T/n Wat20x=L
Iyo=I*(0)=0'T:/7r War>0,y=0

L,=I(L)=0T;/n Qet20,y=1,

(22)

5.2 Initial conditions
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