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Heat Transfer in a lLaminary Boundary layer om a Flate '
l vith Consideration of Chemical Nonequilibrium \
|
|
|
1

LA \
V. P, Stuloy ., sq.., e

. Desribed are results of calculating the field of flow and heat transfer in a
bou.n:lary layer on a flat plate by the method, described in: J Obtained were appro-
ximto formlas,representing the effoct of variahd.nty of physical parameters on the

‘magnitude of thermal flow on the wall, f
, Farele Equilibrium Flowe Heat transfer on a wall in a boundary layer of reacting'atanc-
molecular mixture depends upon the change in physical paramaters/u,g (rroduct of vis-
cosity and denaity ), Prandtl mmber P and Lewis number L across the boundary hyu.
Calculation of the thermal flow on the wall in case of equilibrium dissociation is
connscted with the solution of a camplex nonlinear system of ordinary ditfeeenthl
_equationse . .
The formulas given below allow to make an approximate calculation of the effect

of variability of physical peramsters on the thermal stream on the wall Md

these paremoters change slightly in the boundary layer. o

| The expression for the thermal flov on the wall with consideration of binary ate-
fusion has the form of | | |

.""‘far+"”("“’~h“’)w i -'-'-(m i

Changing over to dimensionhs- variablu. ve wa.n present q, thrmgh a dimuim-’. :
less heat exchnnge factorfzj R,

oo Moo (Hop— B, S
L Tl/""" —-,—"" —— ‘e’
wr -u [a,'+(h“’—h"’)(t—i)—,,,—] . (1.3)'

Hore N « Nusselt number, R = Reynolds mmbor. a total onthnlm.rotorrod to h=o,

FID-TIw2e1752/1+2 1
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Solutiou for h and o vere obtained in form of linear analyses by small paramsters
¢4 » characterizing the variability of physioal parameters and the degree of nonequi~

1ibrium, Taking this under consideratiom, we will present the ratio I/{ R in following
|

‘m ""V"—": et o . ‘ .- ..
| : ” N .
; = 1+ T M 1.4
| - vE" -7 (43 ) R
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The values A:I. rerresent the relative effect ot variabint;r of plvsical peraseters

i
1

on the heat flos on the wall, In first approximation the nonequilibrium in a gas par-
‘tiolo dces not affect heat transfer (rovided, the conoentration of atams an the wall

n equal to its equilibrium value at wall temperature), |

'I'ha derivatives h'iu are found from eolving the system of first epprorx:l.nation fu'

enthalpy. On the baais of mmerical calculationa were obtained emessiona for -these
‘derivative through nondimensional paramteu of zero apm‘wmtion (hoye % K = u’u/
hoG) and values, characterizmg the change musq P, L mmbeu acrosa the boundary hynr.
; characterist:lo values )‘g and P were select/ed mgxitndes of these valuea on the
: nu. Formulas, determining the effect of var:l.ab:uity ll.Q and P on the dimmionhu

“ o

helt exchan@ tactor on the wall, will be written as fonon

Al os(ud'alw.—l) y == TN i
; = 1—h..+'/-KYF" w(l—h""'""yp) .' 49 .

The effect of the L mmber on hea-t uansfer 1s expressod as rouovn

f
' A,=V7r¢w(l~—i)+ ,."(f'_"'°+3‘,",? e
The first addent gives here an add:l.ti:;n'to the heat flow for the case, ‘vhen L =
1y + 1, This case vas developed by[i]. A
Far amall Ly=1 formula fran[z] can be presented in form of

By =052 om(le—1) ~un)
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. In this way, for P® = 0,6 = = 0,7 the first addend (1,6) offers a value by 30-40%
higher, than formla (1.7)e .
The second 333end (1,6) is structurally amalogous to (1,5); it takes into consi-

|
deration the effect of change in L mmber from the value L, across the boundary layer,

Calculations were made for two gases (caygen and nitrogen)., The conditions on the

' vall and in the uncaming flow chazged in tho following bounjariess z
I Se.e artached page 3a for 172 '
P . , o :
"Conditicn (4), iese the_tainpeuturo range, was selected so, that in the range of

pi-.esmeé. acearding to. candition (1), the gas in tha stream was everywheres pertially

(5) Conditicns (2) axd (h) assure the following beundariea tor Ks
E | , L | 01<K<10 (['1.6)

Yor ranges of varidalaa (1)-(5) farmilas (1.5) - (1.6) rep:esent satisfactory
apwa::l.mtiom of mathmucal calculation results. F'or a mjority of variants the
discrepancy does not exceed 10-20:. It mst be remembored. that the exrrars of the
amaﬁmﬁm methad of solvi.ng the nbnlinear system of equations \'_3 bave the very
same order, In case vhen temperatue distribution within the boundary layexr has g
. maximm, in fon:uh (1:5) - (1.6) instead of qu .P.I. per i.ni’i.nity ghould be taken. the
,mlu.u ort these mgn:ltudes at mximm temperatnre.

The first me orr the formha (1.5) is in satisfactory agreement with the resuls
- obtaimd by[zj fou.' casea. when the fractiml denam.nator does not exceed unity, which

' couespondn to” mn velccities ort cncaning flal.
The ﬁ.nding of more lccnrata n].nes ot heat flai on the wall with consideration
- of miabiuty ot plvsical paramtera. 1s linited by the fact, that the transfer coef-
ficienta. mmm 1n these paramtera. are known as functions of temperature and
. concen'a.'ation on.xy vory approxdmately,. An amlysis of this problem is given &n@]
Accarding toL the P mmber for reacting atanic-colacular mixture changes very

. FID-TTw62=1752/1+2 3
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aughtl: vith the changv in temperature and congentration in broad limits,
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Fran the second forrmla is n‘.ldonf (1.5) that the correction to the heat flow is i

ot .. . Ad - . .
aign.tncant. Accoxrding to calculation data s for the selected dependences of P numbex
" upon tematuzo this correction doea not exceod I=5%o

. The etfoct of L mmber un the haet flow with consideration of its variability
'acrou tha boundary layer reachas 20-30x. or selt-sustained interest is a more accurate
'atud; the enthalpy and heat transfer prcﬁ.le 1n the boundary layer with variable mm-
ber I. at aimpnrying assmptions; u,ya conet. P = const, equilihritm dissociation,
Formila (1.6) can 'be eousidored as a mathod of appramnate evaluation of the influence
of the I.nmnberonheat transfer. - ) |

. mr.2. Nonaqu:llibu.'im Flar. The nonaquilibcrium field was conaidered in accordance
vith famulas ﬁ:an\'}]. The conoentration of atoms on the wall was accepted as equal-

' 'nng its equ:l.nmim velue a.t wall terperature, so that the deviation frem equnih'it-
= .:a:gpoared‘ on aceount of particle deceleration in the boundary layer and diffusion of
"at';m'a. due to omcenfratiap gradients, It was discovered, that everywheres in the
| boundary leyer with excepticn of the narrow zane at the wall  for a sufficiently low

deyec ct dissociation on the wall) there is & lag in dissociation, Buampha of dis-
tributing the nonequilibrium share of atom concentration in the boundary hyor aro
shown {n ng.l and 2, Conditions on the wall and in ocncaring flos are listed in tadble
1, In last colum is given the scale by the axis of the abscissas,

FID-TTw62-1752/142 4
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Table 1,

,)cam 2)Ges ) Ratm 4 Weotm o Tk 6 T%K 7) Scale
‘ | 2 2 L s é 7.
\ 1 Oy 0.1 5.108 3500° 3200° 1y :
. s O 4 3.10 3700° 3200° 1:10%
. |3 Ns 01 108 6900° 6000° $:400i
] N, 0.1 5-108 6900° 6000° 1:4 .
| s Ns ot 100 6900° 6000° 1:40
i

"thu' the zone of relaxation for diasociation in boundary layer we will understand
"such 8 length, on vhich maxizm devietion fram equilibrimm dies out, e, Up to 5%
m dopendenco of relaxation zone length lp upon cuter conditions can be approaximately
m‘esontod 1n following form, obtajnod on the basis of calcu‘lating a geries of variantss

" ' ‘v=='-‘P"'-"' ) (21)
. For the ranges of temperaiures mentioned in par.l. tha dependonae l.p upon wall
temperature and encaring flow may be disregarded,

‘ The linearization method to find the nonequilibrium share in the boundary layer
| Places a restriction on the range of edncentrations and, consequently, on the range
of tacperatures, The method offers satisfactory resulis at a comditica when 0,1/ &
£049 everyvheres in the flow. The inequality i8 connected with the fact that for
.QL 0.1 and q>0.9 the dependence , = (1) has essentially a nonlinear character,
The profile o acquires greater curvature and the L‘ast formula (1,20) of [1] gives

unnaturally greater values of the nonequilihor'i\m share of atomse

Assundng that a catalytic wall assures constant concentration,not equal to its
equilibrium value at wall tamperature, i.‘e;cz‘, * qo(m,,). The heat flow in this case
‘on the wall aiffers fram its valus for equilibrium dissociation by a magnitode

hoo—h,

A STy Gem b a T h=hfas) @D

If ay £ 8 (%) (especially, a=0 - tctal recombination) then Ay O 1e0s heat
flovw increaces, .

o

As already mentioned, to calculate the effect of nonequilibrium in ths gas moleculs

FID-TT=62=1752/142 5
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(rarticls) it is necessary to calculate the second spproximation by ¢; ¢ It is appa-

1

rext, tkat the nonaquiuhri\m in the gas particle has a very insignficant effect on
%he menitule of the thermal flowe

| Rar JelNcraquilibrium Field in the Froblem of a Chamically Insulated Thermomstere
‘hxo approximate dependence of the length of the relaxation zone upon pressure and rate

of oncoming flow in the case of chemically insulated thermameter has the form of
!

| Iy = cpidng 3.1 )

In this case 1P rises with the increace in uoe considerably slower, than in the oase
ét.a catalytiec wall at cons'tant temperature, Fxmaples of profiles of nonequilibrium
thare of atans are given in fige.3, for parameter values of oncomirz flow,shown in tadble

|
- 24

' Tatle 2
pOve Jgas ) Peatm ) u o, i '91".., K ¢/ Scale
. 3 . 3 | + s
‘g l 0, 0.1 , 2-108 2700° | 1:1
3 0y 0.1 8-108 2700° 1:4
.3 0, 1 2.108 . 1:10

! : - s
All calculations were made on the STRELA caputere

The author expresses thanks to G.F.'Telenin.for supervision of the experimnt.
Subtritted July 6,1961
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