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Introduction

Rcalisticlanalysis of chemically reacting llows
involving large enthalpy changes (and so large
temperature variations) nceds the solution of a
large number of coupled set of nonlincar partial
differential equations. Reasonably good simpli-
fications using the concepts of similarity will
reduce the problem to the solution of nonlinear
ordinary diflerential equations. A number of
simplifying assumptions are¢ made on the thermo-
dypamic and transport properties cither while
converting the partial differential equations to
ordinacy diflerential equations or in the solution

Further, some of
have  heen critically

extablished  in houndury lavers  amd (¢)  Lewis  nunihers
widely diffeving  molecular weights  conid  be o diffenne

ay  10-12
comventtiona asswmptions used i analyticnl  studies

reviewed ino the licht of the varions  findings of the

of the system of ordinary dillerential equations
itsell.  Obviously onc necds to know as to how
these  approximation  influence the resulting
solutions. In fact, to be better knowledgeable,
itis advantageous to explicitly ‘obtain the efTect
of cach of the approximations separately or in
Suitable groups.

In order to tackle this situation various
mcthods are possible: (a) The oyerall char-
acteristics  (like Temperature profile ete.) ar¢
-¢hecked against experimeatal results obtained

Nomenclature
¢, Constant pressure specific heat  k Total  thermal  conductivity T Temperature (YK)
: (ealigm, "K) (cal/em. see. oK) X Mole fraction of jth species
i; D'y lh:.uy dllrualm} L(‘kthLlni L'; Lewis number (based on [)7)) p Density (gm/em?)
| elween  species  1oand Ao e (ke . "
(emsec) Leij  Lewis number (based on D ;) M Viscosity (gm/em. sec.)
g 1 . e . M Molecular weight f . :
D;; Mllllll lLOlllDDﬂan dilfusion co- fl')“, FFunctions defined by equations
cllicient between species i and P Pressure (atms.)
; I CEUINEED SPECheE an _ ¢ 1
j for species i dilfusing in Pr  Praadil atmbor = e, /K Vi (8, Yand 11)

species § (em2/sec)
H Planck’s constant R+ Universal

k! Monatomic thermal conducti-

gas constant
(1.987caljgm-mole.°K)

1 (T,) Collision integrals as a

QT function of reduced tem-

vity (cal/em. sec. oK) Sci;  Schmidt number perature

k" Internal  thermal conductivity

(caljem. sec, oK) Ty

H/D'iip (or = 1 /Dj;p)

Reduced temperature

Reduced characteristic energy
of interaction.

£
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under similar circumstances.  (b) Having made
an assumption on any property variation (say,
¢, = constant), the assumption is checked strictly
with in the frame work of the theory by calculat-
ing backithe variation of the property from the
resulting solutions (like using concentrations and
temperature for obtaining c,,). It must be noted
that such a procedure is not always feasible. For
instance, the assumption Lecwis number =1,
cannot, at any rate be invalidated by the solutions
obtained by using Lewis number = 1, without
invoking basic information on Kinetic theory. It
is, therefore, neccessary to take care while

using this miethod to check the accuracies of

the solution. (¢) The detailed property
variations are obtained from basic and
standard results of Kinetic theory, quantum
statistical mechanics and spectroscopy on quanti-
tics like collision cross sections, potential energies,
specific heats and the experimentally measured
values of temperature and concentrations, Thesc
are then examined to obtain support for cxisting
approximations or to suggest modilications.

A large number of investigations use the
method (a) for the test of the theorics. A smaller

number of investigations use the method (b)

though not explicitly always. Instead, order of
magnitude analyses are performed to find out
whether certain approximations are valid in the
range considered. A relatively small number of
investigations use the procedure (c). And the
point of view taken in the material to follow is
that discussed in (c). There have been a few
investigations reported in the litcrature along
these lines.

Fristrom et al [3]* reported detailed measure-
ments of temperature and concentrations in one
dimensional methanc-air premixed flame and
Westenberg and Fristrom [4] made the analysis of
this flame for mass and energy conservation.
They [4] obtained using conventional formula
(sce Ret. 5), the diffusional velocities and mass
fluxes. The interesting revelation was that
diffusional velocities in some regions of flow were
as large as the mean flow velocity, so much so,
diffusion plays animportant role in the structure
of the flame. They further calcyulated the heat

*Numbe:g in square brackets denote references at the
end of paper.
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release rate distribution through the lame.  The
various lcrms in the energy equation, namely,
conduction, convection and dilfusion” were also
calculated in an attempt to check the energy
balance. 1t must be noted that they used for the

value of thermal conductivity, that of oxygen

throughout the fame. The imbalance in the
cnergy cquation which they obtained was traced
to the arbitrariness of the value of thermal
conductivity, particularly to its underestimation:

Structural analysis of stagnation point diffusion
flames of methane-air combination was performed
by Tauji and Yamaoka [2]. They made an
analysis of heat release rates through the flame.
The analysis showed the presence of a region
where pyrolisis type of reactions took place on
the fuel side.  There are few other investigations
on the structural analysis of one dimensional
Names [see, Ref. 7, p. 306). However, thesc are
oricnted essentially towards the determination of
Kinctic mechanism and are not relevant here,

Though several investigators have used the
actual propertics in the analysis of flows [sce
for instance, Refs. 8, 9], the authors know of no
study where un explicit analysis of flows has been
made for thermodynamic and transport properties.
This study, therefore, consiclcrs.thrcc flows
namely, Propane-Air diffusion flame, Methanc-
Air diffusion flame and Mathane-Oxygen one
dimensional premixed flame,

Equations

The properties of the mixture that we compute
are, the molecular weight (M), constant pressure
specific heat (c,), density (). viscosity (),
therma! conductivity (k), Binary diffusion coefli-
cients (D7) and Multi component difTusion
coeflicients (D;,). Other properties derived from
these basic data are, Prandtl number(Pr)= e [k,
Schmidt number (Sc¢;) = &/D,,p, Lewis number
(Leg) '= Dypeifk,ippy ke, T Tiand: (e The
above propertics are obtained by using the well
establised relations [see Refs. -5, ()],

M = IX Mo .
Ch = Exi((‘nijMi) by ! (2)
pu = pMIRT 5 3)
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M = 26693 X 1078 (MiT)/(0} Qua (Toy5) (4)

k= ISR /4,/4M, ©)
K = 088k (2¢,/5R — 1) o,
i i
=Tl 3 o XK (@)
i Jsid E

ou=| 14 0dn My |

{2V2(1 + My M;)o-53-1 (8)

P = i b MM, (9)

e Sl gt 8 e (10)
i bl

Vi = @illi+ 2.41 (Mi=M;) (M,-0-142 M)
(M; + Mj)=2 (11)

i m ok A T s i ol
mix i T e -

S ‘ (13y
D'y = 2.628 X 1072 T3 (M, + M;)/(2M; M,)1/zx
{pofioumy | (14)

| Dj; = :41: l\i;‘ﬁ"‘l i G

Kij =~x—1 *%EDXT:; Kudat i

K is the determinent of Kjiand Kii are the
minors,

K“;("])"T 0 Kirl-l Kot ks Kin

Koo B bty o

b iThn
J#lolisen PR U0 PR B G Kme

Knvl (b K el Kmi#l ks K

nn

(17)

where,

Trli o (HT[E,) ) Tr'ii = (HTIEIJ) ’

Ejj = ‘\/E] €,

7ii =14 (0i + 7)), Xi = Mole fraction of
ith specics, i

ti = Energy characteristic of intermole-
cular attraction

tij = Reduced energy

0i = Zero energy collision diameter
ki’ = Monatomic thermal conductivity
ki"" = Internal thermal conductivity .

H = Planck’s constant.

The details about the flames .considered are
summarised in Table . Figs. 1,2, 3 show the
geometry and the detailed temperature and
concentration profiles as taken from . Refs
[1,2and 3). : '

It is worthwhile noting that in the chemical
analysis of Propane-Air flame,, the conecntration
of water vapour has not been obtained. How-
ever, in the case of Methane-Air flames the
complete information is available. (Itis complete
in the sense that the concentration of most of
the stable species have been obtained.)
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Fig. 1. Temperature and Concentration  Profile  of

Propane-Air  Diffusion Flame (From Ref. 1)
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TABLE 1

XI11--50

No. Flame Geometry Fuel-Oxidant Pressure and
combination other conditions
) DifTusion Stagnation C.Hg (Propanc) 1 'atm
) (Ref. 1) point flow - Air «Injection rate
(Fw) = ~ 0:8
B Diffusion Stagnation CH (Mcthane) A
(Rel, 2) point flow =R Injection rate
j “\v) “ I-q
3 Premixed One dimensional Cll, (Mecthane) 0.1 atm s
(Refl3) flow =0, (Oxygen)
[ CHy o 0.078
(1 [ VGl 0
composition { N, < 0001
(moles) | Cu, : 0.002
L Ar : 0.003
1500 : 4 20,0 - o=
« 1600
'L: 11000 Infier ed qo T
. G ol luminous Ovidanl) Feaduzt:
3 one
2 i e
g : 1
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Fig. 2. Teémperature and Concentration  Profile  of Fig. 3. Pemperature and  Conecentration  Profiies  of
Methane-Air Diffusion Flame (From Ref. 2). Methasc-Air Primixed Flume (From Ref. 3)




The reason why both diltusion and premixed
flames werc considered was because the basic
mechanism and structure would be dillerent in
both the cases. Also the thermodynamic proper-
ties can be expected toshow diflerenr:zes between
the flame structurcs because the fuel-oxidant
combinations are unmixed in the former
and completely mixed in the latter (these are
discussed subscquently)

A programme was written in Fortran 1V for
IBM-360(44) computer to calculate the properties

using the following data o,=collision diameter,
g, =characteristic energy, M,=molecular weight,

Qu (Tw), Q= (Tey) = collision  integrals
asa function of  reduced temp:rature,
obtained from Refs. [5and 6), c,= constant
pressure specific heat as a function of tempera-
ture and the concentrations and temperature at
any given station.

Discussion
Constant pressure specific heat (c,, callgm/*K)

The results of ¢, vs. ) (or z) arc shown in
Figs.4, 6 and 8. It is scen from Fig.4 (Propane-
Air diffusion flame) that the approximation G ==
constant is violated to a great extent. In fact it
varies from 0.574 near the wall through 0.72 to
0.24 .ncar the free stream. The maximum value
of specific heat does not occur near the maximum
temperature zone, but occurs well inside of it,
The explanation for this bchaviour lies in the
dependence of ¢, on both composition and tem-
perature,  In the case of diffusion flame, we
notice that the two extreme states in the flow are
essentially composed of either propane or air.
The specific heat at the same tempe-
rature " for Cylly 'is ' 'more ‘than one 4dad

M. T Pr Px10° CpM
Cal gm Cal
RS m
?:‘ cm QT
"‘ 146004 40
o T L.76 |10
.K \\ / ¥
524 854 \ 35
N
\\ F26. |8
\
L8l IS 1000k \ 30
\
d T4 6 i
44 4 654 Sl
i 72 A
404 .55- 20
500 { \'/0.70 L2
a8t jend \ 15
\ - 68
32 1755 4 B K s
\\ \_‘ \\
Bl \__‘____/' Bl 7 ARy
28 sl a2 " { i ¥ i 5
0 0.5 R 1o 5 2.0 2:5 3.0
e
Fig. 4. Varation of Properties in ('_‘ H (Propanc)- Air Dilfusion Flame.,
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M IN POISE (gmlecmilsec)
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~ Fig. 6. Variation of Propertics in CH‘ (Methane)-Air  Diffusion Flame.
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half timzs that of aic dus to th: number
of degrees of freedom of CiHy molecule being
much larger than that of oxygen or Nitrogen

(and so of air). Hence we notice that with
regard to the composition changes, the value

of ¢, should in fact decrease as we proceed out-
wards from the wall to the free stream. How.
ever, the effect of temperature would be such as
value of ¢, from the wall out-
maximum temperature paint

{o increase the
wards up to the
The combined cflects of composition and tempe.
rature leads to the cbserved behavior,

It is noted from Fig. 4 that the situation is
cqually bad in the case of Meothane-Air diffusion
flame. Cy varics from 0.53 through 0.73 (o 0.24
siear the free stream. The maximum occurs
again inside of the maximum temperature region.
1L appears. thercfore, that in both the above
cases the assumption ¢, =constant is violated
quite strongly. Even if we stated that variation
of ¢, with respect 10 temperature could be taken
care of by an averaging procedute, we still would
have to tackle the variation of ¢, with respect 1o
compusition which we. notice, from the above,
can be quite strong. The true representation
of 2, eithersthrough the flow or in the eritical
regions (like a specilic location-the thin flame
position) is directly connccted with the accurale
prediction of flame temperature and temperature
profiles.

Thus it appears that the approximation ¢,=
predicting the overall
characteristies ol @ difliusion Name when hydro-
carbon type fuels are used with the conventional
oxidant namely, air (simply because it is hard to
find a hydrocurbon fuel having ¢, values compa-
rable to that of oxidant at the same tempera
qure).

constant could be poor in

that ¢,M (=C,, cal/gm-
mole/*K) would probably have a more regulafl
(or smaller) variation through the flame
since molecular weight itself changes through the
flame. That this is not 'so is seen from Figs. 4
and 6. ‘1hough the variation 'is reduced in the
case of Methane- Alr diffusion flame, no impor:
tance can be attached 10 it

It was thought
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In order to stress the fact that the cassump-
in principle,
c,’s at various stations have been plotted as a
function of local temperaturc in Fig.10 (B). The
vs. T curve reveals that
these,
arc the concentrations of

tion ¢,=¢, (T) alonc is incorrect,

multivaluedness of ¢,
there must be other factors determining €,
as we know very well,
yarious specics.

¢, in the case of a premixed Tlame
Shomwin in Fig.s iy apRears to be  monoti-
cally increasing with increasing  distance.
This supgests that the ¢lfect of cemposition
could be mininal and as such ¢, vs. T is plotted
R TR is observed that €
indced varies nuarly Jincarly with temperature.
The reason for this s not fur to find. Table I
shows that the initial compusition is of lean

fucl-air mixture kind, The composition varia-
tion through the llame does not show any signi-
ficant quantitics of species having Jarge specific
heat (sce Fig. 3). Hence the mixture all through
(he Mame acts as & single species  as far as
“specific heat is concerned. A such any variation
in ¢, will essentially be due 1o temperature

variations,

Molecular weight

Asis expected, molecular weight variations
both with Propanc-Air and Methanc-Air dilfusion
flamcs are considerable. , 1L varies from 4410 29
(from wall to free stream) and 16 to 20 mono-
Air and CHy--Air flames
molecular

tonically with Cytly
respectively. Any variation in the
weight direetly allects the cquation of state
(of course, it alleets dilTusion cocflicients also as
will be seen subsequently). Quite often, the ap-
proximation P T = constant is made use of in
constant pressure flames. Itis scen this will be
strongly affected in the cascs similar to those we
have considered lerein. The same is nottruc with
premixed flames, at least, with lean, stoichio-
metric and near-stoichiometric compositions. In
molecular weight variation are
(sce Fig. 8) and = the = above
— constant is valid.

such cases the
very  small
upproximmion ¢T
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Viscosity, thermal conductivity and some related
quantities

It can be seen from Figs. 5 and 7 that
viscosity varies considerably through the flame.
In the analysis of flows, viscosity enters in two
forms, (a) Prandtl number and (b) C = (PH
pwofton). The plot of pft through the flame
shows that its variation is not large (« 30-40
with respect to the free stream value). The
conventional assumption regarding Cin boundary
layer type of flows is that C =1. [t appears that
this assumption is not bad, after all.

Itis seen that thermal conductivity also
varics over a wide range through the flame:
Westenberg and Fristrom [4] in their analysis of
energy balance of CH, — 0. pre mixed flame,
used thermal conductivity of oxygen for that
of the mixture, Thisis also plotted in b O
The plot shows that in the region where the
discrepancy was observed (in the region v = 0.2 —
0.4, see Fig, XII-16, p. 316 of Ref. 1), the
thermal conductivity is over estimated in the
assumed case in comparison  with the actual
variation. This in fact worsens the balance of
the terms in the encrgy equation. That the
worsening  of the balance of the terms  has
occurred even after including H,, one of the high
energy species, is a significant point to note.
Thus it appears that the cnergy balance ean be
improved only if the highly energetic spceies
(like H, O, OH ctc.) are included in
evaluation of conduction term.
conductivity enters the analysis of flows through
non-dimensional numbers, Prandil  and

the
Thermal

the
Lewis numbers.

The variation of Prandtl number through
the diffusion Names is shown in Figs, 4 and 6-
It can be noticed that its variation is rather
negligible (of the order of 5 89 with respect 1o
the value of air = 0.73).  Thus the assumption
of Prandtl number = constant = Prandtl num-
ber for air appears to be excellent in diffusion
flames.. ;

In the case of one-dimensional premixed
flamzs (dzflagrations) the viscous tzrms are rarely

important, In fact the momentum cquation
amounts to the statement that pressure is consat-
ant in the flow ficld. As such, these plots are
not discussed any more; cxeept (o note that most
of the remarks noted ecarlier are generally valid
even in this case.

In the cxpression for the flams speed of a
one dimensional premixed flame [10], the term
K/e, appcars cxplicitly. With the intension of
finding a reference state for tha evaluation of an
average k/c,, the variation of kic, with z (or 1)
is plotted in Figs. 9, 5 and 7. Iy appears that
kic, varies so widely, all the way from 2x 1074
to. 83X 10-t in the case of diffusion flanes and
from 4x10-' to 103¢10-' in the case of pre-
mixcd diflicult to deline a
feference state for evaluating an average kic,,.

Name, that it is

Lewis manbers (L' Gy, L)

Since Schmidt numbers can be defined by
Sci; = Pr/Ley;, any discussion of the variation of
Prandtl and Lewis numbers can be used. to dis-
cuss the variation of Schmidt numbers, PRarti_
cularly in view of the fact that Prandtl number
is ‘sensibly cc;nsmnt, variation of one would
imply inverse variation of the other. Let us
(herefore limit our discussion to Lewis numbers.
We can define two dillerent kinds of Lewis num-
bers, L'ey; and L. by using Binary diffusion
cocllicients and Multicomponent diffusion co-
eflicients respectively.

Figs. 11, 12 show the plots of L', vs, 7 fora
number of pairs of gases in C,H, - air and CH1
air Hames.  In these plotes 0, s taken to be
dilfusing into cach one of the other gases. [t
appears that the range of Lewis numbers all lie
within 0:6--3:0 with C,H,--uair Name and
0:4—1:6 with CHl, ~-air Name except for Lewis
numbers between H,and other species.  Since it
is well known that large moleculer weight diffe-
rences lead to large dillusion coeflicients, Lewis
numbers based on H. and other species have been
plotted: It appears that these Lewis' numbers
are in the range of 10-12, Such large Lewis
numbers certainly affect the flame structure, most
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certainly, the concentration profiles. But it is
not clsar what strong influences they have on the
overall flame properties. Some studies of diffe-
ring Lewis numbers on flame speeds of premixed

flames hav
These studies on effects

[
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the steady statc approxima

HIN POISE (gm/cm/sec.)

¢ been pcrformed by Campbell et al

of non-normal
ncerned with the effects on
tion used in chain

o & u K IN Cal/lcmisec/ 'k W7 k/Cp
6.0
\.. i
bl ) 50
np m
e i R o ) M k(0 only) T
& ”"’ ,’/ -4.0 -90
20,4 20 o
| PH = — 30 +6.0
L) l// / 3
18:4 28 70 4 i e A% L2070
6 / -\\ // /{ :
’ L 24 -~ -’0 -60
J L9 e LA g
g g 3 80 / P P e
. o ///, 5.0
/
i S (0 / / - 4 L
’// I / / -
104 184 5047 ! 2 LJ0
d ik 06 4 . I
4 \ j :
A AT / &
12 - I‘/ o d
£ g
= 10 4 304 /, »
19
/,
068 4 /
0.6 J 20 RAERR | L 1 L ! 1 1
7y TR LT o i I v R 0 T .60 .80
i
Fig. 9 Variation of Propertics in Cll‘ (Mcthane)
an 08 [ ......... SV CADI ST _/_j
on o7
Cp
a29 né
Cal
‘i';‘u Cp
W
\ i a2r cs
oy |
9th
025 il
oM by 02
135 1 | ]
1 20 600

Fig. 10. Variation of Specific Heat with 'l‘cmpcrulurcin

(A) Premixed Flame (CH -Air)
(B) Diffusion Flame (C;Hg-air)

XI11.-56

reactic
fact, i
is not
on fla
numel
K

the ¢«
‘oxidi
ted, t
cant |
supp!
plolll
speci
coull
the ¢

adia

the |

Lel

e i




il reactions rather than on the flame structure. In

_normal fact, in this particular paper by Campbell, there
e i is not even a discussion of the cffects of diffusion
s on flame speeds which they have obtained from
pumerical integration of the governing equations.
Klein [see Ref. 7, p. 317] has shown that if
L the complex flame, has a single set of ‘fuel' and
‘oxidizer’ with which heat release can be connec-
ted, then it is this Lewis number which is signifi-
cant in the prediction of overall properties. In
e support of this idea Westenberg and Fristrom [4]
-80 plotted the concentrations of the significant
species CH, and CO - (with which energy release
i could be corincctcd, as being in two steps) against
60 the dimensionless temperature, the corresgonding
adiabatic flame temperature being defined at
=50 the ‘disappearance’ of cach of the species CH,
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Fig. 11. Varation of Lewis Numbers Based on
Binury Diffusion Coefficients in C;l H -Air Diffusion
/ Flame.

and CO. The linearity of this plot was taken as
a good check of the unity Lewis number approxi-
mation. In order to gain more insight into this
aspect, the Lewis numbers L’e;; and Le;; forthis
flow have been plotted in Fig. 13. Itcan be noticed
that most of the Lewis numbers lie between 0.5
and 1.6, And in particular, Lewis numbers bet-
ween CH, - 0. and CO - 0, lie between 1.0-1.25
and 0.75 to 1.0. This possibly, implies that the
overall effects could siill be described sufficiently
satisfactorily with Lewis number = | approxi-
mation, ;

In this particular plot (Fig. 13), it is further
noticed that the Le;; are almost equal to the L'e;;,
This is mostly because of the fact that the
average moleculer weight is constantin the flow
(the variation is less than 0.8% in the flow).
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Fig. 12, Variation of Lewis Numbers Based on
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Fig. 14. Variation of " Lewis Numbers based on Multi-
Component  Diffus‘on Coefficients 'CH -Air  Diffusion
4

Flame.

In Fig. 14 has been plotted Le;; for CH -air
diffusion flame. A surprising feature about the
curves is that all of them have similar shapes
Suspecting the effect of molecular weight on the
differences in the curves, Le’ = Lej; x (Mi/M))
have been plotted in the same figure. Ltsis
observed that all the curves collapse into a single |
curve. This interesting feature is again repeated |
in the case of Cjllg -air diffusion flame as.is. |
evident from Fig. 15. However, CH, - air pre=i
mixed flame does not have this feature, Further l
no explanation of this behaviour scems possible
since the multicomponent diffusion coeflicients |
(hemselves have a rather complicated dependence™ |
on the molecular weights and binary diffusion |

cocllicients. ‘[

In making the conventional approximations, ‘
the most usual assumption concerning diffusion
coeflicients is that binary diffusion coefficients are
used instead of multicomponent diffusion cofti=
cients because of the complicated dependence of |
the latter on the Now changes (Xi's). These f
quamiliés‘ appear in the nondimcnsionalisrd}

form of the cquations as Lewis numbers. A fur]

1
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ther assumption regarding the Lewis number-
will be that they are all equal and equal to unity,

i

In order to examine this aspect we consider
Lewis numbers based on binary diffusion
coefficent [Figs. 11, 13]. They seem to have
rather awkward variations in the flow, without

-any apparently simple relation amongst them-

selves. If we consider, however, the Lewis
numbers based on multicomponent  diffusion
cofficients, these seem to have a simple corre-
lation amongst each other. If we make & further
approximation that the modified Lewis number,
Le' (= Lej; Mi‘M)) is  a constant throughout
the flow, it leads us to the following situation :
Even ina flow with a large number of specics,
one can define a single Lewis number
(=Lei; Mj/M; ) which can bs treated a constant
(not necessarily unity) and the analysis carried
out. However if one does not wish to make
an approximation of constant Le’ onc still can
derive benefit out of the simple correlation
between  the various species. The  useful-
ness  of this corrclation  merits carclul
examinalion as, we belicve, it may have far

3

reaching consequences  in  the analysis  of

diffusion flames with complex structure,

Conclusions

Analysis of earlier experiments on diflusion
and premixed fames  leads us to the lollowing
signilicant conclusions:

« 1. Constant pressure specific heat varies
fairly widely through the flow and this probably
will affect the calculation of some overall charac-
teristics quite strongly.

2. Pranddl  number remains  sensibly
constant and it appears that Pr = 0.73 (ncar to
that of air) will be un excellent approximation

for reacting flows.

3. The quantity C (= pfpw @ o)
appears to vary not very strongly and the approxi-
mation C = 1 will not be very bad.

4, Lewis numbers based on binary diffusion
cocflicients vary rather oddly through the flow
and they lic within 0.5 = 3.0 for most pairs of

gases. - The Levis numbers between species in
which one is a very light component compared
to the other (like H., — any other species, like 0,.)
Lewis numbers will indeed be very large © 10 — |2

i appears suggestive that a single value
of Lewis number ( = Lej; Mj/M;) can be assigned
for analysis of flows of complicated structure in
the case of difTusion flames.

The discussions noted above open up a few
lines of investigation, It appears nccessary 1o
perform theoretical analysis of, for instance, wall
supported diffusion flames, to determine the
accuracy of prediction of heat transfer rates by
the' approximations ¢, = constant and other
assumptions on the transport properties, If
constant values are to be assigned to those quan-
titics, then what is the reference state that should
bz choszn for them ?  What differences between
the structure of diffusion flames and premixed
flames are responsible for the remarkable beha-
vior ol Lewis numbers based on multicomponent
dillusion coeflicients in the case of diffusion
flames in contrast to those of premixed flames?
Would actual Prandtl number variations through.
the flow have insignificant effects on heat Lrans-
fer? and so on. These and other related
questions  will be considercd subsequently for
detailed study.
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