PROBLEM 4.57

KNOWN: Steady-state temperatures at selected nodal points of the symmetrical section of a flow

channel with uniform internal volumetric generation of heat. Inner and outer surfaces of channel
experience convection.

FIND: (a) Temperatures at nodes 1, 4, 7, and 9, (b) Heat rate per unit length (W/m) from the outer
surface A to the adjacent fluid, (c) Heat rate per unit length (W/m) from the inner fluid to surface B,
and (d) Verify that results are consistent with an overall energy balance.

SCHEMATIC:
y ']‘ Ay = Ax = 25 mm
i — . — 2_
T A T Oy T =500C, hi =500 W/m2-K T, = 95.479C
Insulation 7 T~ = 117.3°C
3 .

\‘Z Te_ Surface B Te = 79.799C

T3 7 —® _ §=108W/m3, k = 10 W/m-K STl
7 1 ! Te =77.29°C
é — Symmetry plane Tg = 87.28°C

m—————— X T10= 77.65°C
E/ Tg l To  Tio
Surface A A T = 25°C, ho = 250 W/m?2-K

ASSUMPTIONS: (1) Steady-state, two-dimensional conduction, (2) Constant properties.

ANALYSIS: (a) The nodal finite-difference equations are obtained from energy balances on control
volumes about the nodes shown in the schematics below.

Node 1
O3 +0b +0c +dg +Eg =0

0+k(ay/2)12— 11, k(Ax/Z)-r?’A—;-l-l+0+q(Ax-Ay/4)=0

Ty =(Tp +T3)/2+GAX? / 4k
Ty =(95.47+117.3)°C/2+10° W/m3(25x 25)x107° m? /(4x10 W/m-K) =122.0°C
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Node 4
Ga +0b +dc +0g + e +qf +Eg =0
k(Ax/2)12-T4

+hi (Ay12)(Ton,i = Ta )+ i (AX/ 2)(Too — Tg ) +
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T3

k(Ay/z)%+ k(Ax)%+ k(Ay) 1314 14(3ax-ay/4)=0

Ty = [T2+2T3+T5+2T8+2(h Ax/k) oo,+(3qAx /2k)} /[6+2(hiAx/k)]

T4 = 94.50°C <
Node 7
O +0b +qc +0dg +Eg =0
T3-T Tg-T
k(Ax/2)3A—y7+k(Ay/2)% +ho (AX/2)(To 0= T7)+0+G(AX-Ay/4) =0
T7=[T3+T8+(hoAx/k) Too.0+ GAX /2k}/(2+hoAx/k)
T; =95.80°C <
Ts —o—o
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_________ \ !
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T7 T =~ Ts Tg To T ; T10
Node 7 dc Node 9 e
Node 9
O3 +0b +0c +dg +Eg =0
T5—Tg T10—To
k(ax)—=—2 N k(Ay/Z)A—y+ho(Ax)(Tw,0—T9)
~Tg
+k(Ay/2 AX-Ay/2)=0
(ay/2)-8-12 2 +4(Ax-Ay/2) =
T9:[T5+0.5T8+0.5T10+(h0Ax/k) Too. +0AX /2k}/(2+hoAx/k)
Tg = 79.67°C <

(b) The heat rate per unit length from the outer surface A to the adjacent fluid, gy, is the sum of the
convection heat rates from the outer surfaces of nodes 7, 8, 9 and 10.

G =ho[ (A%/2)(T7 =T )+ X (Tg ~Too o )+ AX(To — T 0 ) +(A%/2) (Tao ~ Tono )|
qa =250 W/m?. K[(25/2)(95.80—25)+25(87.28—25)

+25(79.67 — 25) + (25/2)(77.65— 25)]><10_3m -K
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qa =1117 W/m <

(c) The heat rate per unit length from the inner fluid to the surface B, qp, is the sum of the convection
heat rates from the inner surfaces of nodes 2, 4, 5 and 6.

ag = hi [(Ay12)(Too i —To) +(Ay/ 2+ A%/ 2) (T i =Ty )+ % (T = Ts )+ (ax 1 2) (T, = T )|
g =500 W/m?-K[(25/2)(50-95.47)+(25/ 2+ 25/ 2)(50 - 94.50)
+25(50-79.79)+(25/2) (50~ 77.29) |x10 3 m K

0 =-1383 W/m <

(d) From an overall energy balance on the section, we see that our results are consistent since the
conservation of energy requirement is satisfied.

En —Eout + Egen = -0 + 0 + Efgen = (-1117-1383+ 2500)W /m =0

where  Egen =@V’ =10° W/m3[25x50+ 25x50]x107° m? = 2500 W/m

COMMENTS: The nodal finite-difference equations for the four nodes can be obtained by using IHT
Tool Finite-Difference Equations | Two-Dimensional | Steady-state. Options are provided to build the
FDEs for interior, corner and surface nodal arrangements including convection and internal

generation. The IHT code lines for the FDESs are shown below.

/* Node 1: interior node; e, w, n, s labeled 2, 2, 3, 3. */
0.0 =fd_2d_int(T1,T2,T2,T3,T3,k,qdot,deltax,deltay)

/* Node 4: internal corner node, e-n orientation; e, w, n, s labeled 5, 3, 2, 8. */
0.0 =fd_2d_ic_en(T4,T5,T3,T2,T8,k,qdot,deltax,deltay, Tinfi,hi,q"a4
q"a4 =0 /I Applied heat flux, W/m*2; zero flux shown

/* Node 7: plane surface node, s-orientation; e, w, n labeled 8, 8, 3. */
0.0 =fd_2d_psur_s(T7,T8,T8,T3,k,qdot,deltax,deltay, Tinfo,ho,q"a7
q"a7=0 /I Applied heat flux, W/m*2; zero flux shown

/* Node 9: plane surface node, s-orientation; e, w, n labeled 10, 8, 5. */
0.0 =fd_2d_psur_s(T9, T10, T8, T5,k,qdot,deltax,deltay, Tinfo,ho,q"a9
q"a9=0 /I Applied heat flux, W/m*2; zero flux shown



