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Beat •a•nfer in a LIninary Baundary 1ayer ma Plate
with Consideration of Chemieal Nonequilibri-m

V.P. Stulov

Desribed are results of calculat4 .ug the field of flow and heat transfer in a

boundary layer on a flat plate by the method, described iniq. Obtained were apIeo.

xfrmate fun2A2Ilaatrepresenting the effect of variability of physical parameters on the

mapitude of thermal f low on the wall.

Pre1 Equilibrium nlow. Beat transfer on a wall in a boundary layer of reacting atcma__.

molecular mixture depends upon, the change in physical parametersufD (product of vim-

ceity and denait7 )9 P!andtl mnnber P and Lewis number L across the boundary layer*

Calculation of the thermal flow on the wall in ease of equilibrium dissociation is

connected with the solution of a ccmplex nonlinear system of ordinary diffeeentieal

e'uatiemu

The f milas given below allow to make an approaimate calculation of the effect

of variabdLty of pAysical parameters on the thermal stream on the wall provIded

these parameters change slightly in the boundary layer*

Mhe expression for the thermal flow on the wall with consideration of binry dI-.

ftsli bas the fram of

Changing over to dimenionless variables, we will present - throuh 'a diummuio*.

less heat exohange factorN

£ re

Here N - Nuaselt number, R - Reynolds numbers, - total enthalWrefewred to h-e.



Solutions fw h and'( were obtained Lik form of linear analyses bV wal Parameters

obehracterizing the variability of physical parameaters and the do"e of nonagal-

2ibrimen Taking this under onasideration, we will present the ratio NIJ/ fTin following6

Sore, N-v- A;.

The vleU waetthe relative effect of variability of plysical parammters

antehaolew on tewl.In first approximation the nonequilibrium, in a ps par-

tisdoes o fetha transfer (,Provided# the concentration of atoms an the wall

In qua toItsequlibiumvalue at wail temperature)*

The eriaties liwarefound from. solving the system of first approximation. fcc

enthlpyaOn he bsis f - rical calculations were obtained exivessions for -these

derivative through nondimen ional parameters of zero 'approciination (cPgX u

hoc) and' values, characterizing the change in UpP, L ~i~nbers acrdos the boundary layer.

* scharacteristic valuesj and P wore selected magnitudes of these valuses.o the

wall. Tormilas, determining the effect of variability LLR and P on the dimensiieless

*heat exchange factor on the wal3l, will be wiritten.. as follows

0.(i3.+h ([&pm- PVWIý ).

The effect of the L number on heat transfer is eri~weso as followss

The first addent gives here en addition to the heat flow for the case, -when Lu

1. 1. Uhia case was developed bylt]
For amail IVA- formula frcm{2ý can be presented In form at

As -O.52 M- am (LO - ) (q)11

M -W-2ml752/1*2 2



In this "e for P9 a 0,6 T 0.7 the first addend (106) offers a value by 30-140%

hisbar than frnmlal (1.;7).

The second aaaena (1.6) is strueturally analogous to (145) it takes into conas-

deration the effect of change in L number from the value 1v across the boundary layero

Calculations were made for two gses (omwgen and nitroGen). The conditions on the

wall and in the uncodmng flow cha:ged in the following boundaries s

* S~ee 4tabc V41C Ua Pe'A

Co.t#ion. (4)oi.'e. the. taiperature range, was selected so# that in the range oi

prtessures according to ocndition (I)s the gas in th* stream was everywheres partially

dinspAotede

(5) Conditions (2) and (4) assure the following boundarie's for Xt

"0.''K< O.10

Yor ranges of varidaesz (i)-(5). formu -laC(.5) - (1.6) represent satisfactory

apemtriatjons of mathematical calculation results. For a majority of variants the

discrepancy does not emceed 10-20%. It must be remembored, that the errors of the

approximtion method of solving the noulinear system of equations ILI have the very

as= order. In casevhen temperature distribution within .the boundary layer has a

* ;:• •u •in forIua (ý5) W(.6) instead of/4. ,P.L pe. r infinity should be taken, the

values of these magnitudes at mzn temp~erature..

The first one of the forriýaa (1.5) U. in satisfactory agpeenent with the result

obtained b forcases, when the ,. does not exceed unity, which

oarrasponds to small. velocities of oncoming floe.

Me finding of more accurate values of heat floV on the wall with consideratien

of variability: of "phbiseal .pramiters, is limited by the fact, that the transfer coef-

ficients, included in these parameters, are known as functions of temperature and

concentration only vary appracirtelyo. An aimlysis of this problem is given In

Acc••ding to[' the P number for reacting atamic•cm1ecular mixture changes very

* J TT-62-1752/12 3
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J)

•slightl3 vith the change in temperature and concentration In b•oed LUnits;

• 0go" -AM' -# -

*DDD. ~ ~ ~ XjQ *Dl 0*DI -00 02. _SC *D

IFrn the second formula is evident (UiZ) that the oorrection to the heat flow Is Ia

significant, icoidizn to calculation data g for the selected dependences of P =mzbew

upon ten ature this..correction does not exceed 3-!.%

- The effect of L m r. on the hMet flow with consideration of its varlabilit

across the boundary Iy e-reaches. 20C-30%, Of self-sustained interest is a move accurate

study the enthalpy and• heat transfer profile in the boundary layer with variable xmu-

ber L at simplifying assumptionaaluf consti P ;a count, equi~librium dissociations
bcrimi~(l~6) ansb o id'iedas ý.`method of ppirpimete, e~valuation cf the influence

of the L number on heat transfer.

Phr;2 Nonequiliriti noFw; The n equilibrium field was'connidered in accordance

wvith fwmulas frcaL3." The "concentration of a tans on the wall was accepted as equal-

'ling its equilibrium value at wall temperature, so that the deviation fran equilibriu

.appeared an account of -pertilde deceleration in the boundary layer and diffusion ot

"aicrg due to concentration gradients. It was discovered, that everywheres in the

.... .bndaý y layaer with exception of the narrow zone at the wall C for a sufficiently low

deree of dissociation on the wall) there is a lag in dissociation. Examles of dS.

tributing the noequilibriu share of aton concentration in the boundary layer are

shown in fig;1 and 2. Conditions on the wall and in oncaming flow are listed in table.

L. In last colu=a Is given the soale by the axis of the abscissas.

JTDTI62-1752/142
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Under the zacc of relaxation for dissociation in boundary layer we will understand

such a lang4 on. which mauin deviation from equilibrim dies out, e.g., up to 5%.

The dependence of relaxation zone length 1. upon outer conditions can be apamzimate2y

presented in following form, obtained an the basis of calculating a series of varlantot

(2.1)

Fro the range of tempera tures mentioned in per.l the dependence p upon wall

temperature and mae.ng flow may be disresaded.

7he linearization method to find the nonequilibrium share in the boundary layer

places a restriction on the range of ectckentrations and, consequently, on the range

of tewperatures. The method offers satisfactory results at a ocaditica when 0.1L.OC

4.0.9 everywheres in the flow. The inequality id connected with the fact that for

q40.1 and ct :ý0* the dependence ~ ,(2) has essentially a nonlinear charracter.

The profile co acquires geater curvature and the last formula (1.20) of[El gives

"unnaturally peater values of the nonequilibri•m share of atcnne

Assumng that a catalytic wall assures constant concentrationnot equal to its

equilibrium value at vail tcmperatreg ieeeC, 4 Qe(T). The heat flow in this carn

on the wall differs frcm its value for equilibrium dissociation by a magntude

A. -. +',,kV- (h.-,, h(T., ato(T.)), h.=-h(r,.,)) 1-, (2.2) ..

If %,L ao(U,) (especially, - total recombination) then O, i.e,.heat

flow increaees

As already mentioned, to calculate the effect of nonequilibrium In the on moleculs

r?-4'62-1752/+2 5



C€tieie) it is necessary to calculate the second appromi-tioa by EZ * It is apps-

?e~3o that the nonequl~Ubrium in the gas partdele has a very izsineficant effect an

Ahe =0nitude of the thermal flmoe

ParjNomaquilibriwu Field in the Problem of a Chemically Insulated Thermint"O

ihe approx1dte dependence of the length of the relaxation zone upan pressure and rate

of nocamng flew in. the case of chemically insulated tharmcmete! has the foar of

1,- cr--... (3.1)

In this ease ½ rises with the increase in uw considerably slower, than in the csue

of a catalytic wall at constant temperature. Emnaples of profiles of nonequilibrim

chare of atoms are given in fig*3e for parameter values of onconir. flo, shown in tabie.

2,
Table 2

0Ov. 2Jga8 3) Patm -1) ~ A Scale

I . 3. 3 -. 5

1 I O, 0.1 2.10' l 2700W 'I :
ol 0 0.1 6 o0I Z700" 1:1

2 ' Os 1 2-106 3W 1 : 104

All calculations were magi on the SZ'LA copitere

The author eximesses thanks to C.F.Telenin for supervision of the experimnt,
Submitted 3uly 6,1961
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