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Abstract-Numerical calculations of the time-varying temperature and velocity profiles are presented for 
transient aiding mixed convection flow adjacent to a vertical flat surfaa. The initial condition for the 
transient is a uniform temperature Blasius Row. An explicit finite-difference scheme was used to calculate 
time-varying flow and temperature fields which result from two energy input conditions. the sudden 
generation of a uniform heat flux in the surface material and from a step and uniform change in the 
temperature of the surface. Transient response wascalculated for both surfaLe conditions at Prandtl numbers 
of 0.72 and 7.6. nominally air and water. For the uniform-flux input condition, respona was calculated for 
values of the surface thermal capacity parameter, Q’, which correspond to both the one dimensional 
conduction and the true convection transient regimes. For the uniform, surfdlce temperature condition, the 

transient always corresponds to the l-dim. conduction regime. In such a regime. the calculated prolilcs 
indicate that both transient temperatures and velocities locally exceed the eventual steady state values. The 
steady-state profiles for the uniform heat input condition. in air. are in good ngrcement with the results of 

previous studies of steady state mixed convection flow. 

thermal capacity of clcmcnt per unit surface 

area ; 
acceleration of gravity ; 
Grashof number. (y/?AT.r’/vz), 

dimensionless; 

modified Grashof number. (qfly”.u4/krz), 

dimensionless; 

thermal conductivity; 

height of plate; 

Prandtl number; 

instantaneous energy generation rate per 

unit of element surface area; 

thermal capacity parameter related to the 

element storage capacity. c”(yj?y”v’/~s)’ ‘; 

static tcmpcrilture ; 
instantaneous local plate temperature; 

tcmpcrature of the undisturbed fluid; 

component of velocity in vertical direction; 

componcn t of velocity in horizontal 

direction ; 
vertical distance above bottom of plate; 

horizontal distance from plate 

Greek symbols 

\‘. kinematic viscosity ; 

P. density of fluid; 

r. time ; 
T. non-dimensional time, = TAU. 

Subscripts 

0. at solid fluid surface; 

7. , free stream conditions. 

I. INTROIWC-I’ION 

Ta,vNstI:NT mixed convection llows occur in many 

technological and industrial applications. such as in 

electronic devices cooled by external forced circu- 

lation, or in the core of a nuclear reactor. Mixed 

convection flow has been studied in the past. However, 

most of the studies were concerned with steady-state 

transport. Such studies include those by Sparrow and 

Gregg [l]. Lloyd and Sparrow [Z]. Oosthuizan and 

Hart [3], Gryzagoridus [4] and Hommcl [S]. 

Mcrkin [6] reports the results of an investigation of 

aiding and opposed mixed convection flows. An 

isothermal surface immersed in a uniform free stream 

is studied. For the aiding case, the flow near the leading 

edge is found to be mostly forced convection flow. 
However, at large downstream distances, as thermal 

transport isestablished, thc flow is observed to take on 

neutral convection characteristics. The solution is 

obtained by using expansions near the leading edge 

and far downstream, then closing the gap between 

these two expansions with a numerical marching 

scheme. For the opposed flows. however, as buoy- 

ancy effects increase, separation is found IO occur at 
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large downstream locations. and the analysis iscarried 

out to the point of separation. 

A similar study is carried out by Willis [7]. for a 

surface w-hich is heated by loading it inler~~~ly with a 

uniform and constant tlux. Expansions are found near 

the leading edge and far d~~wnstream. The solution 

between these two locations is again determined using 

a numerical marching scheme. 

In a more recent study Carey and Gebhurt [S] 

present the results of a perturbation analysis of the 

mixed convection Row. adjacent to a vertical uniform 

flux surface. A matched asymptotic expansion tech- 

nique is used to construct inner and outer expansions 

including higher-order boundary layer effects. Exper- 

imental measuremmts of aiding tlows in air are found 

to be in good ~I~recrnent with the calculations. 

This study concerns aiding transient mixed con- 

vection flows. A vertical flat surface is assumed to be 

immcrscd in an upward Rowing unif~~rn~ stream of 

ambicnl fluid. in the boundary layer regime. The 

stcirdy state Blasius flow prolile is then used as an initial 

uniform tcltlpcr~lt~lre tlow condition. for the sub- 

scqucnf tr~l~~sicfl~ proccsscs which then ark from 

heating the surfr1cc. Two lypcs of hratinp proccsscs arc 

studied. The first is suddenly loading lhc surface 

internally with a uniform :md constant tlux. cl”, as 

would arise from passing ill1 clcctric current through 

conducting surfrrcc mnlcri;rl of SFtXIiI thickness. For 

Ibis typo ofrcsponsc lbc lhcrmal capacity of the surface 

i!ltcr;lcts and plays a major role in dc~crlli~!~il~~ the 

nature and duration of lhc cnsiiing transient tlow [9]. 

Thr .sccond type of healing process considcrcd here is 

that which rrsults in a sudden and uniform jump in lho 

surface f~mpcrnturc, to I,,, nrgkwting thr surface 

thermal capacity. Kesulls ilW prcs!ntcd for two VaIueS 

of the Prandtf number, namely 0.72 and 7.k rcpre- 

scntativc of tlows in air and in wntcr, rcspcctively. 

When a fiat. vcrticrtl, ~mi-in~nite surface is heated 

while immersed in a unjform stream of tluid, the 

resulting mixed convection boundary layer Row is 

reprc.scntcd by the following generalized equations. 

Equations( t ) and (2)ombody the tkussinesy approxi- 

mations whcrc 7‘. drtincd b&w. is the buoyancy force. 

(1) 

Thcsc equations arc subjccl to diffcrcnt boundary 

conditions. dcpsnding on thr type of heating process 

under consideration. This nccessitatcs the choice of 

different nt~n-d~nlc~lsi[~n~l groups for each of the 

heating processes studied. For a uniform input boun- 
dary condition at the surface, nondimensionalization 

and relevant boundary conditions, for T > 0. are as 

rollows: 

’ -3 
Ii , s/v 

Y--%:I 0, u-+-----= Rl! 
-__--L- = , , (413 

(Gr:)' ii (GF,*)' 4 
U 

x=o:u=u,. WI 

Condition (40 represents an energy balance al the 
solid -fluid interface. The first term on the right hand 

side is storage in the element in terms of Q*, while the 

second lerm represents convection away by the fluid. 

Q* is given by 

On the other hand, for a sudden uniform increase of 

the surface temperature, from t, to t,, the non- 

dimensionaii~tions and boundary conditions, for 

t > 0. arc as follows: 
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y= c c-q’s 

(vgflAT)’ ’ = (Gr,t”’ 

x= x 13 

(v’/gfiAT)’ r = (GrX’ ’ 

y= p 
(v’:gflAT)’ ’ 

= ;(Gr,)’ ‘, (6d) 

y=o:(i=c’=o, (&I 

Y =O:T= I. WI 

Y-+ x :T-+O. U 
u , xlr . (Gr,~), J  =&=U.&) 

x=o:u=u,. (6h) 

No similarity formulation is known for these mixed 

convection transients. The partial differential equa- 

tions must be solved in their time dependent form. An 

explicit finite difference scheme is used. wherein the 

space adjacent to the surface is divided into an II x trt 

grid in the .X and y directions. respectively, Finite 

difference equations (1) to (3) are solved at each grid 

point in the tlow field, and this solution is marched 

forward in time, 

The initial condition for each kind of transient 

process was the Blasius flow velocities. Thcsc were 

determined in a transient numerical calculation from 

the instant of inserting a plate in a uniform tlow. by 

solving equations (I) and (2). subject to boundary 

conditions (4) or (6). with T = 0 in equation (2). The 

transient numerical calculation then stepped off using 

the same grid size and node locations. The solution 

was marched in time till steady flow was reached. 

Figure 1 shows the developing uniform temperature 

Blausius profile, for the u component of velocity. The 

eventual steady state flow distribution. at TAU = 

1000. is also compared to the Blasius similarity 

solution in Fig. 1. Agreement is found to be quite good. 

and could be improved by using a finer grid size. n and 

m. Even though steady‘state was reached at about T = 

500, the solution is continued to T = 1000. The 

resulting final steady state velocity field is then used as 

an initial condition for solving equations (l)-(3), 

subject to the boundary conditions (4) or (6). 

J. r\ l_TlFOR.V IXPLT SC’RFACE ELEMEST 

When a surface element of appreciable thermal 

capacity. immersed in an extensive quiescent ambient 

medium, is suddenly loaded with a step in energy 

input. several distinctively different flow regimes are 

found to occur. depending upon the relative thermal 

capacity of the element and the fluid. C” and c,, in 

equation (5). A detailed discussion of these regimes is 

given in Sammakia and Gchhart [U, IO]. The relevant 

parameter in determining the regime is the non- 

diIi~cnsi(~rl~il thermal capacity p;~r;imetcr. Q* in equa- 

tion (5). Energy dissi~;~te~~ inside the clcnrent flows out 

to the surface by conduction. At short times. a largely 

l-dim. conduction field cxtcnds out into the adjacent 

fluid. This tcmpcraturc incrcasc C:IUSCS buoyancy. 

which in turn generates only one component of 

velocity, p:tr;tllel to ths surface This l-dim. process 

lasts at any downstrsam location until the entrainment 

effects hcginning near the loading edge reach that 

location. Eventually steady-st;ttc is rcachcd. Theextcnt 

and duration of this i-dim. regime depends upon the 

value of the non-dimensittn;tf thermal capacity para- 

meter Q*. Under some circumstances, local tempera- 

ture and velocity Icvcls exceed the final steady state 

’ TAU=10.0 
x ffiU=24.0 

M TRlJ=40.0 

g ‘IRU=60.0 

y TNl=160 .oo 

f IRUG .O 

x fRU=lOOO.L? 

+ STERDY STATE IL. HOWRRTH 

Fto. 1. Transient velocity profiles for forced convection flow adjacent to a flat semi-infinite surhce. 
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value during the transient process. This I-dim. re- 

SPOIISC mechanism essentially dominates the whole 

transient when the surface thermal capacity is small, 

say for Q’ < 1 in quiescent air and Q* < 5.9 in water 

[9. 101. 
All the present computations for a uniform input 

condition are for X = 0 to 100, where X = 100 in 

equation (ad) corresponds to Gr: = 10”. a iaminar 

boundary layer flow, as described in Qureshi and 

Gebhart [li]. The additional parameter, in mixed 

convection, is the free stream velocity U ,. In the 

present study U, is taken as I. It will be shown that 

this results in flows which are eventually more in- 

fluenced by natural than forced convection effects. 

That is. as steady state is reached, the maximum 

velocity in the boundary region is considerably higher 

than the free stream velocity. 

Figures 2 and 3 show the developing temperature 

and velocity profiles at .Y = 100 for Pr = 0.72, and Q’ 

= 0.1. This value of Q* corresponds to a l-dim. 

conduction regime of flow in air. Figure 2 shows four 

transient temperature profiles and the eventual steady 

state temperature distribution. At r = 14 the tempera- 

ture locally exceeds the steady state value everywhere 

in the llow field. In Fig. 3 a corresponding velocity 

overshoot is obscwed at r = 14, although the velocity 

exceeds the steady state value only near the maximum 

velocity region. 

The distance out from the surface at which the 

velocity reaches the free stream velocity, U, = I, 
represents the edgo of the viscous boundary layer. The 

distances found here arc comparable to the calculated 

thermal boundary layer thickness for Pr = 0.72, for 

pure natural convection. This similarity to pure 

natural convection flow arises because U, is small 

compared to the velocity levels, which arise purely due 

to natural convection effects. 

As indicated in the first section, Carey and Gebhart 

[S] obtained new and more complete expansion 

solutions for steady-state mixed convection adjacent 

to a vertical uniform-heat tlux surface. The results are 

valid at moderate downstream distances where the 

flow resembles a purely free convection flow pertubed 

by a non-zero free stream velocity and non-boundary 

layer effects. The expansions for the u velocity and local 

temperature are 

f - t, = AT[H&) f i:,,H,(t/) + r:,,H,@) + . ..] 

where 

and 

v=; -j- 
( i 

r:, = Rt*,%(Gr*/S)-* ‘. I:,, = (Gr*/5)-’ ‘. 

Ncre + and K,, are the pcrturb~ltion ~rameters 

associated with mixed convection and non*boundary 

layer eNects, rcspcctivcly. The velocity and tcmpcrature 

functions, F;(t/) and 11,0/). were found for Pr = 0.733 

and 6.7. These results convert to the present for- 

mulation of U. 7’ and f’ as follows: 

U(Y) = 5’ ‘(Gr*)’ ‘“[F&) + ~:~F;(~~) 

+ r:uF;(?l) -t- . . . I* 

UNIFORM FLUX SURFACE PR. = 0.72 QSfAR : 0 I 

I TAU * 2.0 

ii 1AU a LO 

* TAU .I00 

E[ TAU =lLO 

Y TAU .iSO,O 

+ STEADY STATE 
PERTURBATION SOLUTION 

Frr;. 2. Transient temperature profiles adjaant to a uniform flux surfaa. immersed in a uniform stream of 
air. 
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3, 

UNIFORM FLUX SURFACE PR. ~0.72 OSTAR ~01 

I TAU: 00 

X TAlJs 20 

I TAU: LO 

n TAU :I00 

y TAU c 1~ 0 

I TAU i 1500 

6 STEADV STAlE 
PERTURBAlION SOLUTION 

FK;. 3. Transicnl velocity proliles adjacent to a uniform flux surface immersed in a uniform skam of air. 

T(Y) = 5’ s(Gr*)’ 2”[II,,(q) + x,/f ,(I/) 

+ (:#I I/,(q) + .), 

Y = 5’ ‘(Gr’)’ Z”,j. 

Points from the results of Carey and Gobhart [x], for 

Pr = 0.733 are thus plot~cd in Fig. 2 and 3. The stcady- 

state results of the present analysis arc in fairly good 

agreement with the perturbation analysis results, 

despite the spatial grid used in the present 

computations. 

Transient response for Pr = 7.6, at Q* = 2.0, is 

shown in Figs. 4 and 5. For thisvalueofQ* the transient 

rcsponsc also lies in the I-dim. conduction regime. in 

water. licrc. also. as for air, both earlier temperature 

and v&city lcvcls locally slightly exceed the final 

steady state distributions. In Fig. 4 the overshoot is 

seen to occur at T = 42. Figure 5 shows that the 

unibrm stream velocity li , is approximately 25% of 

the maximum velocity Ic~el achieved in steady state. 

The viscous boundary layer in Fig. 4 is seen to quickly 

bccomc much thicker than the thermal layer. as 

expcctcd for Pr = 7.6. During the transient. the 

velocity early exceeds U , near the surbce. whcrc the 

UNIFORM FLUX SURFACE PR .=7.6 QSTRR=2 .O 

1 TAU=4.0 

x TAU=IO.O 

#f TAU=20.0 

x TAU=42.0 

y TAU=150.0 

FIG. 4. Transient temperature profiles adjacent to a uniform flux surface immersed in a uniform stream of 
water. 
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1 TRU=O.O 

x TRlJ=4.0 

m TRU=10.0 

x TRU=ZO.O 

y TRU=42.0 

z TRU=lSO*O 

FIG. 5. Tgnsicnr vetocify pr~tilesadj;~cnt IO ;L unihrm Run surface immersed in a uniform stream of u~tcr. 

buoyancy force is strongest. Thus the transient proiilcs 

resumblc a natural convection ftow near the surface. 

matched to a Blasius velocity protilc away from the 

surface. tlowcvcr, the final steady state profile drops 

uniformly from the maximum vclocily near the surface 

to the free stream velocity at the outer cdgc of the 

viazous boundary layer. 

The true convection transients. whcrc all the terms 

in the equations are of~~rnp~r~bl~ order of rn~~nitlld~, 

occur for surkss with intcrmcdistc thermal capa- 

cities. The range in pure natural convcction Rows arc 1 

< Q* 5 10 for air and 5.9 I Q s 59 for war. Values 

beyond IO for air and 59 for water correspond toquasi- 

static rosponsc. That is, eventual steady state is reached 

uniformly through a succession of quasi-static pro- 

ccsscs ch~r~~~t~ri~t~~ of the inst~nt~ln~~lis v;tlue of r,,. 

Under such circumst;mcc’s. local values of tcmpcraturc 

and velocity during the trrrnsirnt do not cxcesd their 

steady-state values. 

Figures 6 and 7 show response in air for Q* = 5.0, 

which would be ;i true ~(~nv~~tion transient in pure 

natural convection. A similar transient regime re- 

sponse in water, for Q* = 30.0. is shown in Figs. 8 and 9. 

In both air and water, the tcmpcrature and velocity 

UNIFORM FLUX SURFACE PR. : 0.72 OSTAR : 5.0 

L TAU . IO 0 

1< TAU ,200 

Y TAU ~40.0 

r TAU .60.0 

I TAU t2000 

@ SIEAOY STATE 
PERlURBATiON SOLUTION 

FIG. 6. Transient temperature profitcs adjacent to a uniform !lua surface immewd in a uniform stream of 
air. 
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UNIFORM FLUX SURFACE PR. zO,?Z OSTAR t5.0 

t \, 

\\ 

n tAU.400 

600 4 
Y TAU ~60.0 

u 
l I e TAU r200.0 

\\ 

+ STEAOY STATE 
PERWRBAT~ON SOLUTION 

0 5.00 10 00 IS.00 20.00 25.00 30.00 35.00 

Y 

FIG. 7. Trxksient wlocity profrJes adjacent to a uniform Rux surfiice immersed in 3 uniform stream of air. 

lewls do not exceed the eventual steady state ieveis 
during the transient response. The temperature and 

velocity tsvcls are higher in air than in water, for the 
same Cr.: = 10”. Also, the thermal boundary layer 
thickness in water is much smaller than that of air. For 
air, the steady state results are in good agreement with 
the valuescalculated by Carey and Cebhart [g], which 
are also plotted in Figs. 6 and ‘7. 

I iS<YTIlC:KM,\I. SURFACE CDSWTION 

For this circumstance, the temprtrature of the SW- 

face is assumed to be suddenly and uniformly raised at 
the start of the transient process, and then hcfd 
constant at this Icvcl. This in efliict neglects the clkct of 
the surface thermal capacity on the transient process. 
The only remaining parameters in the model are the 
Prandtl number, the Grashof number, and the free 
stream velocity. For such a boundary condition in 
purely natural convection flows, Helfums and Chur- 
chill 1123 have shown that, for Pr = 0.72, a temporal 
minimum in the heat transfer coefficient arises. The 
accuracy of this result was supported by comparing it 

UN1 FaRR FLUX SURF PR .=?..S CJSTRR=JO.O 

1 Tfel0.a 

x TRU=ZO.a 

x TflU=40.0 

# f#IU=6O.a 

-+ Tw=soo +a 

z TRU=140‘0 

x TRU=I8a .u 

+ TRU=300 .u 

FIG 8. Trzmsicnt temperature profiles adjacent to n uniform klux surfxe immersed in a uniform stream of 
water. 



8. S-\W\KIX, B. GEBH.XRT and V. P. CAREY 

UNlFORZl FLUX SURFRCE PR.=7.6 QSTF(Rz30 .O 

t TflU=O.O 

x TRU=lO.O 

K TW=20.0 

# TAU=40.0 

y TRU=60.0 

z TRU=lOO.O 

x TRU=140 .O 

+ T~U=l~O,O 

0 TRU=300 .O 

FIG. Y. Transient vclwity prolilcs adjacent IO a uniform flux surfarz immersed in a uniform stream of water. 

to the analytical c~~rld~ictjorl solution, during the early 

transient. Such behavior may bc cxpsctcd to result 

from the l-dim. nature of thr convection process 

during the early transient. Our c7;cntual steady state 

values wcrc also found to bc in good ngrccmcnt with 

solutions obtained using the similarity formulation. 

In this study, the same two vnlucs, I? = 0.72 and 7.6, 

are invcstigatcd.Thc free stream v&city is again taken 

as U, = 1.0. Figures 10 and I I show the rcsponsc for 

Pr = 0.72. At t = 25 the tcmpcraturc level was to 

locally excrcd the tventuaf steady state values every- 

where in the flow field. except at the surface of course. 

Howczcr, the excess is too small to bc seen on Fig. 

10. The corresponding v&city profilc at r = 25 also 

uxcecds the steady state vahtc in the region near where 

the maximum velocity occurs, visible in Fig. 11. 

Figures 12 and I3 show the transient response for Pr 
= 7.6. The tcmpcraturc at r = 45 considerably exceeds 
the final steady state values, more than for Pr = 0.72. 

The rclativcly thermal thinner thermal boundary layer. 
at Pr 0 7.4 mostly lies deep within the viscous layer. 

The Nussclt number at T = 45 is found to be about Su/, 

ISRTHERMFIL SURFFiCE PR.zO.72 

1 TRU=l .o 
x TAU=2.0 

m TAU=S.O 

# TAU=lO.O 

y TAlklS.0 

2 TRlk2S.O 

x TRU=~OO.O 

FIG. 10. Transient temperature profiles adjacent to an isothermal surface immersed in a uniform stream of 
air. 
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ISOltiERRftL SURFACE PR.zO.72 
1 TmJ=O.O 

x TAU=l .o 

s TAU=2.0 

# TRU=S.U 

y TAU=IO.O 

z TwJ=15.0 

x TAU=25.0 

+ 1RU=100.0 
0 
IG 

i.00 Ii.00 lb.00 2i .oo sb.00 63.00 ri .oo 48.00 
Y 

FIN; 1 I. Transient velocity profiles adjacent to an isothermal surface immersed in a uniform stream of air. 

lower than that at steady state. The velocity response. 
again at r = 45, shows a very slight overshoot in a very 
narrow region near the surface. 

I CONCLAJSIONS 

The present investigation deals with transient re- 
sponse in aiding mixed convection flow adjacent to a 
flat vertical surface. The transient forced convection 
flow, wherein a Rat surface is suddenly immersed in a 
uniform stream of fluid is first solved using a finite- 
digerence scheme. marching until steady state is 

reached. These calculations are in good agreement 
with those from the similarity formulation. This steady 
state velocity field is then used as an initial condition 
when the buoyancy effects arise in the transient mixed 
convection flow. 

Two types of boundary conditions were considered, 
a uniform input to a surface element and a uniform 
surface temperature jump. Two values of the Prandtl 
number are studied for each of these conditions, Pr s 
0.72 and fr = 7.6, as for air and water. For the uniform 
energy input, the thermal capacity of the surface plays 

FIG. 12. 

IS0 HERflRL SURF&X PR.27.6 

1 TRU=l .o 
g rRU=S.O 
* TRU=fO.O 
x rRU=ls.o 
y TAU=25.0 

2 TRU=45.0 

x TRU=lOO.O 

Transient temperature profiks adjacent to an isothermal surfan: immersed in a uniform stream of 
water. 



844 B. S~.*IY\L;I& 8. GtB,hRT and V. P. C~RL:~ 

ISOTtiERMRL SURFACE PR.=7.6 

1 TRU=O.O 

x TRU=l .O 

x TAU=S.O 

# TRU=IO.O 

y TAU=lS.O 

0 

0 

.O 

FIG. 13. Transient velocity profiles adjacent to an isothermal surface immersed in II uniform stream of water. 

a major role in determining both the resulting tran- 

sient regimes. The element thermal capacity is also 

found to affect response as well as IO determine the 

duration of the transient process. 

In this study two values of the non-dimensional 

thermal capacity parameter, Q*, arc investigated for 

each Prandtl number. These values of Q* are chosen to 

correspond to a l-dim. regime and lo a true convection 

transient regime. In the l-dim. regime, both transient 

temperatures and velocities locally exceed the eventual 

steady states. For the uniform-flux surface, the calcu- 

lated steady-state profiles are in good agreement with 

those predicted by the perturbation analysis of Carey 

and Gebhart [8]. 

The same values for the Prandtl number are in- 

vestigated for a jump to an isothermal surface con- 

dition. Then the surface thermal capacity plays no role. 

The only resulting type of transient is the l-dim. 

conduction regime wherein both the transient tem- 

peratures and velocities overshoot their steady state 

values at some locations in fhe boundary layer. For Pr 

= 7.6 the thermal boundary layer thickness is found to 

be much smaller compared lo the viscous boundary 

layer. This is in contrast lo the case of Pr = 0.72 where 

both layers are of comparable thickness. 

Finally, it is of interest to note that, for a forced 

convection flow. the velocity component normal 10 the 

surface, L-. acts away from the surface. This moves 

ambient fluid away from the boundary region. On the 

other hand, in pure natural convecrion tlows. this 

entrainment component I’ acts in the opposite direc- 

tion, thereby entraining fluid into the boundary layer. 

Thus, at the beginning of the mixed conveclion 

transient, the L’ component of velocity has its highest 

positive value. As the surface warms and the naIural 

convection induced flow increases. the value of LJ 

dccrcases. If fhe flow is more strongly natural con- 

vection than forced. as in these calculations, rhe v 

component of velocity is found to further decrease lo 

negative evcrywhcrc, as slcady-state is eventually 

rcachcd. 

Ac.C;r~ow/~,t/gc,,tu,tr --The authors wish IO acknowledge sup- 
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grant CME 7721641. 
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CONVECTION MIXTE TRANSITOIRE ADJACENTE A UNE SURFACE PLANE ET 
VERTICALE 

R&m&-Des calculs numiriques des profils variables de templrature et de vitesse sent pr&enr& pour une 

convection mixte sur une surfaa plane, vcrticak. La condition initiale est un Ccoulement de Blasius d 
templrature uniforme. On ulilise un schCma explicite A differenas firties pour calcukr leschampsvariables de 

temperature et de vitesse qui r&tltent des deux conditions d’entr&e de Energie : gtiCration soudaine d’un flux 

thermique uniforme i la surfaa du matiriau et un changement uniformeen tchelon de tempCrature parittak. 
La rtponse transitoire esl calculte pour ks deux conditions 21 des nombrcs de Prandtl de 0.72 et 7.6 
correspondant I l’air et Itau. Pour la condition de flux uniforme, la rCponx est calcuke pour des vakurs du 

paramttre de capacitc surfacique Q’ qui correspondent d la fois B la conduction monodimensionnelle et aux 
vraisrtigimesdeconvection transitoires. Pour lacondition de tempCrature parietale, le transitoirecorrcspond 
loujours au rCgime de convection monodimensionnel. Dans un tel rCgime. ks pro% calculls montrent que 

ks tempCraturcs et ks vitesscs dtpassnt locakment les valeurs hentuelles de I’Ctar permanent. Les profiles 

d*Ctat permanent pour la condition de flux dans I’air sent en bon accord avec les rlsultats des Ctudes 
antirieures de la convection mixte permanenre. 

INSTATIONARE GEMISCHTE KONVEKTION AN EINER SENKRECHTEN WAND 

Zusammenfasumg-Es werdcn numerische Bcrechnungcn der zeitlich verPnderlichcn Temperatur- und 
Geschwindigkeitsproflcvon instationtiren gemischten Konvektionsstriimungen an ciner xnkrechten Wand 
vorgelcgt. Die Anfangsbedingung fiir den instationiiren Verlauf isl eine Striimung nach Blasius mit 
einheitlichcr Tempcratur. Ein explizitcs Dillcrenrenverfahrcn wurde angewandt. urn die zeitlich verfndcrli- 
then Slriimungs- und Tempera~urfelder zu berechnen. die aus zwei Randbedingungen fiir die Energierufuhr 
resulticren: aus dcr pldttlichcn Erzeugung eines einheitlichen WIrmcslromes van der Wand und aus einer 
schrictweisen und einheitlichen Anderung dcr Wandtemperatur. Die &zrgangsfunktionen wurden fiir beide 
Randbedingungen fiir I’randtl-Zahkn von 0.72 und 7.6 bzw. Luft und Wasser berechnel. Fiir die 
Randbedingungdescinhcitlichen Wirmeslromes wurde die Obergangsfunktion mit dem Wlrmekaparittits- 
parameter der Wand. Q’. bcrcchnet, die sowohl fiir die Bedingungcn der instationiircn eindimensionalen 
WPrmcleitung als such der echten Konvektion gelten. Fiir die Randbedingung der konstnntcn Oberfliichen- 
temperatur entspricht der instationire Verlauf immer dem Vorgang der cindimensionalen Wlrmeleitung. 
Unler solchcn Be~riebsbedmgungen zeigen die berechneten Profile. daO sowohl Temperaluren wie 
Geschwindigkeiren iirtlich die Grenzwerle des stationaren Zuslandes iibersteigcn. Die stationlrcn Profile 

unler der Bedingung des konstanten Wirmeslromes stimmen bei Luft gut mit den Ergebnissen friihcrer 
Untersuchungen der slationtiren Striimung bei gemischter Konvektion iibcrein. 

HECTAUMOHAPHAJI CMEUIAHHAII KOHBEKUMII Y BEPTMKAJlbHOfl llflOCKOfl 

flOBEPXHOff II 

&tHOfaIIttR -- npeWTaB:leHbI ‘tHCJlellHblc pWIeTb1 IlpO~tLle~ HeCTaUHOHapHblX TCMnepaTypbl H CKO- 

pocrti IlpH tlccra,lHottapllofi cwci,tatlHoil KOtIttcKut,tt y tteprtfKanbHoti nnocKofi noeepxttocrtt. Hara,ib- 

HWM ycJloettew llepexolltlolo llpollccca CAyWiT TewHtte Saawyca C nOcTORHtlOii TeMllepaTypol+4. ala 

pacqera tlecra,,ltOtlaptIl.lX ~tlIIa%wICCKttX It TeMlleparyptiblx 110~1eii. o6ycaosneHttblx neyMn twAaMH 

ttO,lBOAit 3tlCpl Htl. CKa’lKOO6paltlt.lSi Rt.I;KJICtIHCM O,lllOpO,ltlOrO TC,l,lOaOIO IlOTOKit Ha ,,OaepXHocT”, 

a TaKYe crylteirwrbtr.4 ti patttioMeptt,.t.w trtwttetlttawi Teu,,epaTypw ,,oeepxt,ocrH. HCllOJIb30ttaJIaCb 

tttItla1 KOtICStlO-pa3llOClH3fI CXCMa. flepeXOLltlblii IlpOllCCC ftitCC~HTblRa%2R nptt 3lla~eHWRX L(HC3a 

fipat,;lrJttl. pattllblX 0.71 H 7.6. xapaKlCptlblX L’IR eo3,lyXa w EWIM. flp~ OntlopontloM TCII.lOBOM IloroKe 

llepeXOlltlbIic ItpolKCC paCCVl1 rblttiL1CII JUttI NlaWtlttfi Tell3OeMKOCTtt nottepxtlocTn Q’. COOTWTC~~~- 

lOll,HX KaK O.ltlOMC~llOic lCll:tl~,IfWRO;ItlOCrtl. TaK H ‘(II‘30 KOtll3CKTttBtlOMy tteCL,,~HOtlapltOMy pCYH,My. 

f,pH O,,tlO~.ltlOii rCMllepclryp2 ItOaCpXtlOCTH ,le,‘WXO,ltlblfi IlpOllCCC BCCIZ, COOTECTCTRyeT O,,“OMep 

tlOMy pe*ttuy TClt~OllpoIto,ltlOCTtl. npl, TaKoM pxHMC paCCVttTattttbIC ltpo@t~lt, CBW,7CTe,IbCTaytOT 

0 TOM, ‘IT0 J,OK3.1t.l1t.lC 3tla’lCtlllR KilK tlCc,alltlOtlaptlOic TCMllCparypbl. TaK H CKOPOLTH CyulecTeeHHo 

BbltllC COOTBCrCrRytoII,ttX ‘-raIIltOtt~Ipt,t.IX ltla’lCllttfi. CTallHOtla~tlble llpO+H.ltt a aO-tnyXe It,,” OnHO- 

poaito~ TCII.TOROM IIOTOK~ xopoiiro co,J,acytorcn c pctyabraTaMt4 patlee npottc,let,t,b,x ttccnenoeaHtft7 

CTat,ltotlaplloil CMCll,alltloit KOtlBCK,ItlH. 


