PROELEM 7.2
KNOWN: Temperature and velocity of engine o1l Temperature and length of flat plate.

FIND: (a) Velocity and thermal boundary layer thickness at trailing edge, (b) Heat flux and surface shear
stress at trailing edge, (c) Total drag force and heat transfer per unit plate width, and (d) Plot the boundary
layer thickness and local values of the shear stress, convection coefficient, and heat flux as a function of =
for0=x<1m

SCHENATIC:

&
P IR
U= 0.1 m/s S 5
T.=1009C [
x ~L=1m
ASSUMPTIONS: (1) Critical Reynolds number 1s 5 % 10°, (2) Flow over top and bottom surfaces.

PROPERTIES: Table 4.5, Engine Oil (Tr=333K): p=864kg/m’, v=186.1 x 10® m"/s, k=0.140
W/mK, Pr=1081.

ANALYSIS: (a) Calculate the Reynolds number to determine nature of the flow,
_ugl  Olmfsxlm
v 86.1x10 9 m2/s

Rep =1161

Hence the flow is lanunar at x =1L From Eqs. 7.19 and 724,

5=5LRe;"'? =5(1m)(1161) "' ? =0.147m

A

5 =5Pr Y3 20147m(1081) 3 =0.0143m <

(b) The local convection coefficient, Eq. 7.23, and heat flux at x =L are

by =X0330Rel/2pet/3 S LMW/ K 339 11611112 (1081)!/3 = 16.25W/m? K
5 . 1161]
al =hy (T - Toe ) =16.25W/m? -K(20-100)° C = —1300 W/ m? <

Also, the local shear stress is, from Eq. 7.20,
2 ,. 3 .
TeL = @0_564 Regl/ 2= M[O_lnﬂsjj 0.664(1161)"1/2
r, L =00842ks/m-s> = 00842 N/ m? <
(c) With the drag force per unit width given by D' = 21T, 1, where the factor of 2 1s included to account

for both sides of the plate, 1t follows from Eq. 7.29 that
tnr 2 faly 29epacli2 3 521 2n 12 aaaar <
D —JL{pux L]I_LBREL =(1m)864kg/ m” (0.1m/s)" 1.328(1161) =0.337N/m

For lamunar flow, the average value EL over the distance 0 to L 1s twice the local value, by,

By =2hp =325W/m? K
The total heat transfer rate per unit width of the plate is
q = ZLEL (Ts — Ty )=2(1m)32.5 ’\"\r"/m2 K (20- l['JD:]:l C=-5200W{m <

Continued..
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FROBLEM 7.2 (Cont.)

(c) Using IHT with the foregoing equations, the boundary laver thickness, and local values of the
convection coefficient and heat flux were calculated and plotted as a function of x.
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Cistance from leading edge. x (m)

= BL thickness, deltax * 10 (mm)
=M= Convection coefficient, he * 100 (Nim*2)
—&— Heatdlux, -g"x(Wim*2)

COMMENTS: (1) Note that since Pr == 1, 3 == &, That 1s, for the high Prandtl liquids_ the velocity
boundary layer will be much thicker than the thermal boundary layer.

(2) A copy of the IHT Workspace used to generate the above plot 15 shown below.

Il Boundary layer thickness, delta

deita = 5" x *Rex ~-0.5

delta_mm = deita * 1000

delta_plot = delta_mm * 10 I Sealing parameter for conveniznce in platting

[l Convection coefficient and heat flux, q"x

g% = h * {T= - Tinf}

Mux =0.332 * Rex*0.5* Pri{1/3)

Mux =hx *x [k

hx_plot = 100 * b I Sealing parameter for convenience in plotiing
qw_plot=(-1)"g%x i Scaling parameter for convenience in plotting

I Reynolds number
Rex = uinf* =/ nu

Il Properties Tool: Engine oil
/I Engine Qil property functions - From Takle A.5
I Units: TIK)

rho = rho_T({"Engine Cil" Tf) i Density, ka'm™3

cp = co_T{"Engine Cil", TT) I Specific heat, Jkg-K

nu = nu_T{"Engine Qil",Tf) i Kinemiatic viscosity, m*2/s

k = k_T{"Engine Cil",TT) H Thermal conductivity, Wim-K
Pr = Pr_T{"Engine Qil",Tf) i Pranchl numlber

Il Assigned variables

Tf=(Ts + Tinf)/ 2 i Film temperature, K

Tinf =100 + 273 i Freestream temperature, K
Te=20+273 i Surface temperature, K
uinf = 0.1 Il Freestream velocity, mis
®x=1 i Plate length, m

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only
to students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful.



