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ABHOTAIUA—IIPHBOIHTCA TEOPeTHUYECKOE M DKCIEPUMEHTATbHOE MCCIe0BAHME TEmnyIo-H
Maccoo0MeHa B JIAMUHAPHOM NOTPAHRYHOM CJI0E 1IpH TOJlate Yepes HOPHCTYIO CTEHKY HUAKOro
MHHEKTAHTA {PeKCAHA WM STHIIOBOTO CHUPTA), PEATHDYIOIETro NOCIe HCHAPEHAA ¢ KHCIOPo-
moM BHemHero moroxa, Cucrema mudepeHnHANBHEX YpaBHeHHN IMepeHoca B MOrPaHHYHOM
CH0e pelaeTcA AJIA ciydas GeckoHeYHO GOJLUIONK CKOPOCTH TOMOPEHHOM PeaKIuu ¢ y4eToM
MHOMOKOMNOHeHTHON Juddysun IpK NepeMeHHHX U He PaBHHIX APYT APYry umciax Pr u Sc..
JKCrepUMEHTANBHBIM [yTeM H3MEePAJINCH TOJA TEMNeparyp, cKOpocTef W KOHIEHTpauuit B

NOMENCLATURE

coordinates along plate and nor-
mal to it;

velocities of flow along x and y,
respectively;

universal gas constant;
temperature ;

specific heat at constant pressure,
concentration and diffusion co-
efficient of the ith gas component,
regpectively ;

binary diffusion coefficient ;
density, coefficients of thermal
conductivity, heat capacity and
dynamic viscosity {of gas mix-
ture), respectively;

molecular weight ;

heat of evaporation;

diffusional mass flow (j; =

—pDny};

normalized mass flow ;=

—Sc; On; 0n);

enthalpy of the ith component
j cudT + Ai);

enthalpy of formation of the ith
component at T = Tj;

CJI0@ YeTHIPeXCEeKLHMOHHON TOPHCTOR NIIACTHHHI,
HHTEHCHBHOCTD JIOKAJBHOTO U CPeHETO 110 JIMHHe Teja TenJo-u MaccooOmMeHa,

h,

H,
Pr,Sc; Le,,

St, St,., Re,

St, St,., Re,

K,
1,
ﬁ s
[‘iy
ﬁ ij

Subscripts
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3aTeM  OnpejesAIach

N
= Z nhy;

total entha]py (H = h + u*/2);
Prandtl, Schmidt and Lewis num-
bers where Pr = uc,/n, Sc¢; =
u/pD; (diffusional Prandtl num-
ber Pr,,; = Sc;), Le; = Pr/Sc;;
local Stanton numbers deter-
mined from (28) and the Reynolds
number (Re = pu X/ty);
mean numbers referred to the
whole length of plate L;

= (/7 ) (To/Ty);

= Ufug,;

= p/Pu;

= Whe;
number of atoms of element j in

molecule of component i.

conditions outside the boundary
layer;

condrtions at the surface;
conditions within the reaction
region;

components;

element of gas;
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X, ¥, Jerivatives with respect to x or y;

! derivatives with respect to #;

cr, critical ;

pol, polar;

dr, dry;

I, value between reaction front and
wall ;

I, value over reaction front in boun-
dary layer;

a.h.odwa.cn CHOH CiH,, O,
CO,, H,0, CO and N,, respec-
tively;

S, injected fluid (S =a or S = h).

AN INCREASING interest in the study of the
problem of a reacting boundary layer can be
explained by its great practical value. The study
of heat and mass-transfer process with a phase
and of chemical conversions is connected with
the solution of a number of problems in modern
engineering, in particular, with the problem of
porous cooling, design and calculation of
various combustion chambers, furnaces, high-
temperature heat exchangers, reaction engine
nozzles, etc.

There are available many theoretical works
[1] on the above problem. The experimental
investigation mainly considers ablation or sub-
limation of various materials [1], however the
experimental data on heat and mass transfer for
the reaction of an oxidising agent in an external
flow with liquid or gas injected into the surface
of a body through a porous wall are published
only in a few works [2]. Thus Kulgein [2]
determined only heat and mass-transfer para-
meters along the body length (with a longitudi-
nal flow around a cylinder of 38 mm dia. and
914 mm length).

The present work deals with experimental and
theoretical study of heat- and mass-transfer
process in a laminar boundary layer on a multi-
sectional porous plate for reacting (burning)
vapours of liquid (ethyl alcohol C,H;OH
or hexane C,H, ) filtered through the wall into
an external oxygen flow.

The analytic study of the problem considered

G. T. SERGEEV, B. M. SMOLSKY and L. I. TARASEVICH

is carried out for the case of an infinitely fast rate
of a homogeneous reaction proceeding both in
a clearly marked region (reaction front) y = y,
(x), which is the break surface in the boundary
layer, and near the surface of the body. It may be
considered that on the surface of the body an
active component (ethyl alcohol or hexane
vapours) reacts with carbon dioxide under con-
ditions of the absence of oxygen [3].

According to the adopted mechanism of the
process, one of the reactions

C,H,OH + 30, - 2CO, + 3H,0 (1)
2C6H14 + 1902 d 12C02 + 14H20 (2)

proceeds within the region y = y,(x), and the
other

CeH, 4 + 13CO, - 19CO + 7H,0

on the surface of the body respectively.
Reactions (1){4) occur in the presence of
nitrogen N, which is considered chemically
inert. It is assumed that the products of reactions
(1) and (2), i.e. CO, and H,O diffuse both to the
surface of the body and to the external edge
of the boundary layer where their concentra-
tions tend to zero. On the surface of the body
reactions (3) and (4) yield CO and H,O, with
CO being oxidized to CO, in the region y = y,
(x). Thus, when both types of reactions take
place, gaseous 5 components (N,, H,0, CO,,
CO and C¢H,, or C,H;OH) will be present in
the 1st region (0 < y < y,), and 4 components
(N,, H,0, CO, and O,)f in the 2nd. It is also
assumed that in the 1st region oxygen in molecu-
lar form is absent and in the 2nd components
a and h are absent. Within the reaction region,
v = y,{x). the concentration of oxygen n, and
of vapours of injected component (ethyl alcohol
n, or hexane n,) is zero ; concentration of carbon
monoxide n, at the break surface is also negli-
gibly low. In addition the assumption is made

(3)
4)

+ Components C,H,0OH, C{H,,, O,, CO,, H,0, CO
and N, are subsequently denoted by subscripts a, h, o, d.
wat, ¢ and n, respectively.
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that
H,=n,=0. 5

Since the injection considered further occurs
in accordance with the law (pv), = const,
assumption (5) does not present any limitations
to the statement of the problem.

It should be noted that the adopted analytic
representation of the process based on the
assumption of diffusional burning is only
approximately valid especially for the low
temperature region near the surface of the body
which is not catalytic. Reactions (3) and (4)
proceed in the wall region at finite rates the
incorporation of which presents great mathe-
matical difficulties, the more so since no infor-
mation about the kinetic rate constants of these
reactions is available. Hence, it is subsequently
assumed that reactions of the form (3) and (4)
proceed on the surface of the body with partial
conversion of gas CO, to CO. The relationships
between concentrations of CO, and CO on the
wall may be found from experiment.

As reactions (3) and (4) occur in the region of
maximum concentrations of injected fluid, i.e.
within the wall region, the assumption about
reactions (3) and (4) on the wall may be regarded
as acceptable.

The equations of conservation of momentum,
continuity of the ith component and energy for
a laminar boundary layer of a reacting gas mix-
ture consisting of N components (N; =5,
Ny = 4) with incorporation of (5) and dis-
regarding thermal diffusion may be presented
in terms of the Crocco variables [4] x = x,
n = u(x, y)/u, in the form (prime refers to
derivatives with respect to #)

oo’ + 2jpn =0 (6)
n\ o\
<§c_,> + (1 - S¢;) . <Sci>— 0,
i=12...,N )]

H'Y '(H
(;,;) - Pr)%(;;) ~t  ®
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where
® = 21/(X/p o o),

1l o 1 , _
{my=— E—(;coz(n) - [1—,; %(n)] , z=LII

n) = A — helns + Prjs)

@u = utn(Pr — 1) ~ ho(ny + Prjo)
- hd(n:i + Prjd) - hwat(n:vat + Prjwat)
—h,,(n;, + Prjn),

A = uin(Pr — 1) — h(n, + Prj,)
= hdng + Prig) — ByolMyu + Prie)
- hn(n:l + Prjn)’

Ji= —n'ySc,.

T= pu,

Equation (7) does not include the term w;
characterizing the power of sources and sinks of
the substance due to chemical reactions since
a chemical reaction is considered proceeding at
a finite rate in clearly marked regions: on the
surface of the body and in the boundary layer at
n = n,(x). The rate of component formation w;
will be taken into account by the appropriate
boundary conditions.

Equations (6)«(8) should be completed by the
state equation

P =RpT f ngm, ©)
i=1

and the relationship
N

Y om=1. (10)

The boundary conditions for (6)«8) are
written as:

atn =0
@ = 2ug(pV)un/(X Pobintt’s); H =H, (11)

i=3S,d watc

n; = Ny,

atyp =1

o=0;H=H,;n,=0;i=dwat; (12

Ny = Nog



1218

atn =9,
H=H*;ni=0’i=oac,s’ni=n
i=d, wat

@TYy — @T") = Qsjs

e (13)

where Qj is the heat of reaction per unit mass of
injected fluid S (ethyl alcohol or hexane). It
should be noted that for reactions (1)«3) in
relationships (6)«(13) S = g, for (2),(4) S = h.
Problem (6)(13) should be supplied with the
following (N — 1) expressions for regions I and
II which establish the relationships between
normalized flows j,, binary diffusion coefficients,
molecular weights m; and concentrations n; [7]

N N

&E n* f_i_f_k=§ﬂi’é_£3
P mDy\n; n m\m, n )
1

k=1 =

N
Yji=0 k#ii=12...,N (14
i=1

here m, = m,, Dg, = Dg,, DD, = Dg,, D, =
Dwatn'

Physical properties of individual components
were determined according to [5] from for-
mulae of the form u;, = u(m, T,6), n=,=m;
(1 My i)y €pi = ¢pT), Dy = DT, my, my, 0y,
where o; is the diameter of the ith component
molecule.

ou = (0; + a))/2.
For gas mixtures, coefficients u, n, ¢, were

determined from relationships [6]

< 5
nm, T;ri)o.

-

i=

e
Z ni(miT;ri)o.s

i=1

p= 0

#:

s
N

2 : :
n . — R .
pol.x3.5 pal.z) nm;

(15)
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As follows from (6)(15), a closed set is formed
of differential equations, boundary and addi-
tional conditions which should be solved for the
regions I and II. Within the reaction zone
(n =n,) the values £ = u, v, 4, p, T, n,, ® and o’
must be continuous functions, but the values
H', n; and j,, discontinuous [7]. By integrating
equations (7) and (8) term by term from (1, — J)
to (1, + ) and taking into account that

lim &, + ) — &ny — 8) = ¢ = 0

for the region » = n,, the following equations
are obtained, respectively

il I
E 50""1']-.
m
i=1
N i

I
#| = S hw + Priy
=1

11
=0,j=12...,L (16)
I

. 17
1
Here f,; is the number of atoms of element j
(=12,...,L) in a molecule of component i,
with j =% = j1 = 0. Besides, on the wall
average mass rates J; for H,O and N, are
equal to zero, ie. Jy,, = (pvn), +Jj, =0, i =
wat, n.

Condition (13) which can be obtained by way
of simple transformations from (17) is further
used for determination of the position of the
reaction zone 7,. From equation (16) the values
of unknown concentrations n,, on the surface
of the body may be defined. The solution of the
problem (6}13) may be obtained by numerical
integration. However with the help of two
quadratures (7) and (8) the following relation-
ships for enthalpy and concentration distri-
bution within the regions I and II, convenient for
numerical calculation, may be obtained

H=H,+[H,— H, — N(o,n,]
x a(o,m)fo(0,n) + Nlo,n), | 4q)
Hy=H,+ [H, — H, — N(q,, 1)]
X o(ny, N/o(n,, 1) + N(n,, )
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Mo = Miw _ ai0, ) i=d wat,c,n S
Ny — Niw 640, 'I*) (19)
Mg — Ny 0N )

,i=o0,d,wat,n

Mio = Miy Ol 1)

where n;, = 0 for components i = a, h, ¢, 0

72 3
N(ny,m3) = | @(n,, 1) dn,
m
n2
0'(111, 712) = j .//(’11, '12) dns
n
n -
o111, m2) = § Yl 7i5) dn
m
o(n2) (20)
do
0(15,11;) = Prexp| — j a —Pr)—m—]
(1)
LF o(n2) d q
®
x S (C(m) exp (1- Pr)— dn
1 o)
a(n2) do
o
vrwm) = prexp [ | - P ]
'//i(r’b "2) -
w(n2) d _
= Sc;exp | — a- Sci)—m .
0) -
o) <

Solution of equation (6) for a number of
cases is given, for example in [9].

The limits of integration of #, and #, in
N(ny, n,), a(n,, n,) and 6{n,, ;) have the values
0; 1; 5, and n. Analytical expressions (18) and
(19) are the same for all the reactions (1)~(4).

Since

N
(nT;r)w = (H’ - Z hini)wtw Prw
i=1
then, utilising (18), the local heat flux into the
wall can be found

gw=—TT,=¢q,+ qu —qn —ar  (21)
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where, according to the analytical calculation
T [H* — H, - NO,n,)

Uy, a(0,1,)

i N
G =

w

where Tw = (D(O)(p ao/'l'aougo/ x)*/2 and Ui 4y 95k
g, are wall heat fluxes due to radiation, phase
changes and chemical reactions (2) and (4), res-
pectively, per unit mass of the component d.
The methods of calculation of gz are presented
in [3], g, = z{(pv)s» g, is determined for reac-
tions (3) and (4) from the expressions

Qd = (%md)(nlaha + 4mdhd -_ 6mchc —_ 3mwathwa:)’
qa = (Fsma)myhy + 13mshy — 19mh,

- 7mwathwat)'

From condition (13), using (18) and (19),
the following algebraic expression for the cal-
culation of the reaction front 5, position is
found:

[Hco - H* - N("*a 1)]Pr/a(r1*, 1)
- Z hi(niuo - ni*) SCi/O',(YI*, 1)
ian

- [H* - Hw - N(O, 'I*)]'//(O, '1*)
+ ;nhz(ni* - niw) Ipi(o’ ﬂ*) - (P(O’ r’*)

- Qs(ép/n) '/Js(o, r’*)/as(o’ ﬂ*) =0

where for the 1st region i(I) = S, d, wat, ¢, n, and
for the 2nd region, i(IT) = o, d, wat, n.
Relationship (23), obtained on the basis of
solution of differential equations for ®, H and
n;, is the most general one for characterisation of
the process under consideration. Therefore
compared are (Fig. 1) only theoretical values of
1, obtained from (23) and experimental ones ob-
tained from the position of the maximum on
the temperature curves (Fig. 2). The agreement
between curves 1 and 2 in Fig. 1 is satisfactory.
The experimental study of the process under
consideration was carried out in a low-speed

(23)
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wind tunnel described in [8]. The experimental
body, the diagram of which is given in [8], was
a porous (P = 30 per cent) metal plate 196 x 60
x 3 mm divided into 4 sections. The first section
was 30 mm long, the second 40 mm, the third and

10

2 P 5=k - O
08 —
i
06
° 4O 02 0-4 ¢34 0-8 10

X/t
FiG. 1. Theorectical and experimental values of 7, as a
function of x/L.

N l . 1473
0-20 s x CO,
TN e :gs {1073
L \ A C2HsOH|
%,\/\x 673
AN\
/'}\ ¥
) 273
> 1473
0-20 AN e ®
77 K . 1073
/ AN
%x / \\ o3
\/.&x \ °¥
X
S o N N . — -Efz?s
3 1473 O
0-20
1073
*71 <
'2 E;\ \)‘(.\ ;. -
I e DT
R g
ole o o7 273
% //j 4 "Q\ 1073
/’ \—X§\=X$ 673
—
0 25 .——5-‘0 7-5 28
Y mm
a
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fourth 60 mm each and the passive section 6 mm.
The outer side of the porous plate was flush
with the lower wall of the working section of the
wind tunnel. The slit before the front section
served for sucking in the boundary layer to
avoid it being affected by the flow history.
Nickel-coated copper tubes, 6 mm dia., through
which cooling water was flowing, were mounted
inside each section (under the porous plate).
Branch tubes connected with glass measuring
tubes were built into the end faces of the sections.
Through these measuring tubes any vapour-air
bubbles formed under the plate. were removed

016 xT  Jiors
Fe 1) Co;
)Z 40,
‘\. o CO
008 N ®CeHia 73
- .~
Ay
old—"2 1273
2
o6 v 1073
Ay

008 \ //\\

€73

°K

273

X,
N
< W 3 N
016 s 1073
~} \A\
008 AN

673

"
0 273
P d |
016 A &ms
id
O,
]
0-08 ., \\ A7 73
‘ = .
<.
-\~ /\.
A—"] 4
273
0 25 50 75
Y, mm
b

FiG. 2. Characteristic experimental fields of temperature and concentration for (a) ethyl alcohol and (b) hexane.
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and the wires passed of the copper—constantan
thermocouples which were then connected
to a potentiometer. The required hydraulic
head of the injected fluid and the position of the
evaporation zone was maintained by suitable
division of the tubes. The position of the evapora-
tion zone was assumed to coincide with the
surface of the porous plate. Eight thermocouples
were built into each of the four sections (four
of the thermocouples into the surface). The
reacting liquid (ethyl alcohol or hexane) was
supplied through connections and its consump-
tion was determined by weighing.

In the experimental study the following local
parameters were determined simultaneously
across the height of the boundary layer : tempera-
ture, velocity and concentration. To do this the
total pressure tube 0-43 mm dia. (it also served
for withdrawing concentration samples), was
connected to a chromel-alumel thermocouple
(wires 0-15 mm dia.) and formed a measuring
probe moved both in longitudinal and transverse
directions with the help of a traversing gear—
a micrometric screw with scale divisions 0-01 mm.
The probe for measuring the static pressure was
set near the experimental body. For measuring
the flow velocity in the tube, a Pitot—Prandt]
tube was used. The analysis of gas samples
taken in the reacting boundary layer was done
by a chromatograph, type XI1-3.

Experiments were carried out for the cases of
injections obeying the relation (pv), ~ const.
and (pv), ~ 1/,/x. The characteristic experi-
mental temperature and concentration fields
for ethyl alcohol and hexane are presented in
Fig. 2. The maximum value of the temperature
at the flame front reached 1313°K, when hexane
was burnt, and 1473°K in the burning of ethyl
alcohol. In the direction of the incoming flow
the temperature gradient (T;), decreased and
the reaction front approached the surface of the
porous plate with increasing Reynolds number
Re,. The change in concentrations both for
ethyl alcohol and hexane is approximated by
similar curves (Fig. 2). H,0 and CO, formed
according to chemical reaction (1) or (2) diffuse
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from the zone of chemical reaction into the
external flow and to the porous wall. Since in the
1st region the content of O, is small, carbon
dioxide (CO,) probably reacts with vapours of
reagent § with the formation of carbon mono-
xide CO which diffuses to the front of the chemi-
cal reaction. On the wall the concentration of
CO formed after reactions (2) and (3) is con-
siderable (Fig. 2). The vapours of reacting
liquids and oxygen (O,) diffuses to the region
n =n, from opposite sides. Oxygen O, is
supplied out of the external flow to the reaction
front where it is almost completely spent. How-
ever asymptotic decrease of oxygen content is
observed up to the wall. The concentration of
component S in the region 5 = 7, is not equal
to zero and decreases smoothly in the 2nd
region. The content of other gas components
changes similar to O, and §. This is due to the
fact that the rate of homogenous chemical
reactions is very great but not equal to infinity
as it was assumed for simplicity in the mathe-
matical analysis. In the case considered the
theoretical model of the flame front (of
reaction) agrees however satisfactorily with
experiment since the zone, where chemical
conversions are very intense is rather narrow.
This is also confirmed by the fact that despite
the absence of breaks in the first derivatives of
the experimental curves of temperature and
concentration, the change of T and 5, in the
reaction zone is very sharp (Fig. 2). As it was
already noted, the position of the reaction
front determined in the experiment agrees well
with the theory.

Heat transfer coefficients St, mass-transfer
coefficients St,, in dimensionless form

Ay
St = ,
pmuoocpco(T* - Tw)
_ Mg (pD)ys 1

St,,, (24)

My . poouoo.ln(l - Pws)—l
and the numbers Pr and Scg for the multi-
component mixture were determined experi-
mentally; g,, according to (25). All thermal
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parameters were calculated at the surface of
the body, in the reaction zone and at external
edge of the boundary layer, and then their
arithmetic mean value was taken. Such averaging
leads to the best correlation of experimental
points. The graphical presentation of functions
St = St(Re, Pr) and St,, = St,(Re, Sc)) in loga-
rithmic co-ordinates showed that the scatter
of experimental points was rather significant.
Consequently, these dimensionless expressions
must include an additional number which
would account for the peculiarities of the heat
and mass-transfer process with chemical reac-
tions in the boundary layer.

As the analysis of the experimental and theo-
retical data showed, a modified temperature
factor is such a number

/lW TW

AT

When concentration in the boundary layer
is constant, the coefficients 4,, and 4, are power
functions of temperature Tand therefore number
(25) is of the form of the ordinary temperature
factor T,/T,, when T, = T,. The number (25)
can also be obtained from condition (13) under

(25)

\
0 o 8
T o072 % olo
.
rgb< 8 N9 o
oF
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& 3 (o] .\. 5
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[ oe Q
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FIG. 3. StPr*K % and St,Sc*K ™1 vs. Re,.
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the assumption that the heat evolved due to
chemical reaction is supplied by heat conduction
to the surface of the body [7].

Under the conditiqn considered K was as-
sumed to be of the form K = (n,/n,)T,/T,, as
the value T, in the authors experiments was
constant (somewhat less than the boiling point
of the injected fluid S). Thus experimental data
were correlated in the form

St = f(Re, Pr,K), St,, = f(Re,Sc, K). (26)

The exponent of the number K was shown to be
equal to {.

The results of the treatment for the case
(pv),, = const. are presented in Fig. 3. For in-
jection in accordance with the relation (pv), ~
1/{/x graphs are of the form similar to that in
Fig. 3. The empirical dimensionless equations
obtained for local St and St,, are of the form

St = ARe *Pr3K#,
St, = BRe %S¢~ K3 (27)

where at (pv), ~ const. 4 = (77, B = 578; at
(pv), ~ 1/ /x, 4 = 0:66, B = 4:99.

Introduction of the number K into the corre-
lating equations yielded satisfactory correlation
of experimental points whose scatter near the
straight lines did not exceed + 18 per cent (Fig.
3). For both methods of injection the absolute
values of the numbers St (or St,,) are practically
the same, St,, however being higher than St.

The experimental points characterizing the
mean heat and mass transfer with a scatter of
+15 per cent are appoximated by relation-
ships of the form
St = ARe *Pr~*K*, Si, = BRe*Sc™iK*.

(28)

Here Re = u_L/v,, where L is total length of
the plate. At (pv),, ~ const, 4 = 119, B = 891;
at (pv), ~ 1/\/x, 4 = 1:08, B = 72. In relation-
ships (28) both coefficients A are almost similar
but St,, > St. As follows from (27) and (28), the

numbers St,, > St,, are several times larger than
St and St. This can be explained by the adopted
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methods of calculation of dimensionless mass-
transfer coefficients according to (25). In the
authors’ experiments P,, did not exceed 0-16,
hence the absolute values of St,, appeared greater
than St. However, already at P, = 0-55 the
numbers St and St, [and therefore coefficients
A and B in (27) and (28)] are similar.

Due to the absence of published experimental
data on evaporation (without burning) or hexane
and ethyl alcohol from the surface of a porous
plate, equations (27) and (28) obtained for St were
transformed to the form

St = cRe"*Pr~%, St=¢CRe *Pr % (29)

where at (pv),, ~ const, C =031, C=050;
at (pv),, ~ 1/{/x, C = 0:30, C = 048, and com-
pared with the relationships for a dry body

St;, = 0332 Re"tPr %,
St,, = 0664 Re " Pr-*  (30)

where all the parameters refer to T,,. Comparison
of equations (29) and (30) shows that the ratios
St/St,, and St/St,, change from 0-90 to 093 and
from 0-72 to 0-75, respectively. Thus, for the
investigated injection intensities (pv), heat
transfer with chemical reaction is less than heat
transfer of a “dry” body. This can perhaps be
explained by introduction of the injected fluid §
and the presence of the already mentioned
endothermic conversions of type (3) or (4) at the

0 0-2 0-4 06 o8 -0
n

FiG. 4. Distribution of Les numbers in the boundary layer.
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wall. Evidently, the lower value of the ratio
St/St,, in comparison with St/St,, is due to the
less intense heat transfer in the 1st section, i.e.
to some deviation of the experimental curve
St = St(x) from the theoretical curve (30) for St,,
where St,, is a hyperbolic function of x.

As follows from the analysis of the experi-
mental curves of Leg = f(n), presented for the
second section of the experimental plate in
Fig. 4, within the investigated range of tempera-
ture (T, = 290473°K) and velocity (R, =
0-2-06. 10°) of flow at (pv), ~ const. and
(pv),, ~ 1//x the Lewis numbers Les = Pr/Scg
are significantly different from unity. Only at
n — 1, Leg — 1. For hexane and ethyl alcohol
Pr, = Pr,, = 07 the values of Pr, did not
exceed 0-8. Thus, when the temperature T of
the boundary layer changes over a wide range
{from 290 to 1400°K), the changes in the value
of Pr with T are less noticeable. For ethyl
alcohol Sc,, and Sc,, are approximately 17
times higher than the corresponding values of
Pr and Pr,. However, for hexane Sc,, is 22
times greater than Pr,. Consequently, at all
values of 1 = u/u,, (except n = 1) the values
Leg differ from unity. Besides, the assumption
of constant values of the numbers Pr and Scg
over the thickness of the reacting boundary
layer made by some authors [1] may be valid
in some particular cases.
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HEAT AND MASS TRANSFER FOR REACTION OF INJECTED FLUID
WITH EXTERNAL OXYGEN FLOW

Abstract—Heat and mass transfer in a laminar boundary layer with injected liquid (hexane and ethyl

alcohol) reacting with the oxygen of the external flow after evaporation is studied theoretically and experi-

mentally. The system of differential equations of transfer in the boundary layer is solved for the case of an

infinitely fast rate of homogeneous reaction including the effect of multicomponent diffusion and of variable

and unequal numbers of Pr and S¢,. Temperature, velocity and concentration profiles in the boundary

layer of a four-sectional porous plate were determined experimentally and the intensity of local and méan
heat and mass transfer rates along the body evaluated.

TRANSFERT DE CHALEUR ET DE MASSE DANS UNE REATION
ENTRE UN LIQUIDE INJECTE ET L'OXYGENE D'UN ECOULEMENT GAZEUX

Résumé—Le transport de chaleur et de masse dans une couche limite laminaire avec un liquide injecté
(hexane et alcool éthylique) réagissant aprés évaporation avec I'oxygéne de I’écoulement extérieur est
étudié théoriquement et expérimentalement. Le systéme d’équations différentielles de transport dans la
couche limite est résolu dans le cas d’une vitesse de réaction homogéne infiniment grande par rapport & la
diffusion de plusieurs constituants pour des nombres Pr et Sc variables et inégaux. Les champs de tempéra-
ture, de vitesse et de concentration dans la couche limite d’une plaque poreuse & quatre sections sont déter-
minés expérimentalement et I’on trouve alors I'intensité du transport de chaleur et de masse, local et moyen,
le long du corps.

WARME- UND STOFFUBERGANG BEI DER REAKTION ZWISCHEN EINEM
INJEZIERTEN FLUID UND EINEM SAUERSTOFFSTROM

Zusammenfassung—Es wird theoretisch und experimentell der Warme- und Stoffiibergang in einer lamina-
ren Grenzschicht untersucht, in die Fliissig(eit- (Hexan und Athylalkohol) eingespritzt werden und nach
der Verdampfung mit dem vorbeistromenden Sauerstoff verbrennen. Das System der Differentialglei-
chungen fiir die Transportvorgéinge in der Grenzschicht wird gelst fiir den Fall der unendlich raschen
homogenen Reaktion; dabei wird die Diffusion mehrerer Komponenten fiir variable und nicht iiberein-
stimmende Zahlenwerte von Pr und Sc beriicksichtigt. Es werden das Temperatur-, das Geschwindig-
keits -und das Konzentrationsfeld in der Grenzschicht einer porsen Platte aus vier Abschnitten experi-
mentell bestimmt. Damit ldsst sich die Grosse der lokalen und der mittleren Warme-, bzw. Stoffiibergangs-
zahl finden.



