<Problem 1>

(@) 0.05 kg/s

41 4-(0.5 kg/s)

R = =
T xDu x-(0.005m)-(86x10~ N—s/m?)

2 ptS = 148,051 > 29300 = ReD,critcal

305 ] | Turbulent Flow (** Re,, > Re,, .. = 2,300)

(b)
dqg = g”.P-dx
T, T,+dT
 E—— e
<€ >
dx
3 ptS Ein - Eout + Egen = Estore
E,=E,, =0

gen store

E,=mc,T,+q"P-dx ; P=m-D

m

E, =mc, (T, +dT,)

m out

3 pis wE,~E, =mc, T, +q"P-dx—ivc, (T, +dT,)=0
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mce,dl,=q"P-dx=q",, -sin(%]-n-D- dx

[[ar, = Lon™ D, stin(ﬂ—Z)dx

me

10 pts

5 pts

2 pts

3 pts

(c)
¢ =h[13) = T, ()] = T =T, () + =2
2.g" L-D "
“T(x)=T, + 9 max -{l—cos(ﬂﬂ + L i 22
mec, 2L h 2L
(d)

The surface temperature is max at x = L. because temperature rise in the fluid is
induced by heat addition, which is largest at the end of the tube.

=L

max 7

e X
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<Problem 2>

(a)

5 pts 4= M ggonsaion 1y = (273 kg /'s) x (2342 x 10° J /kg) = 639366 x 10° W

] g=6.39366x10° W

(b)

5pts | ¢=C(T,-T.,)=r e, (T,-T.)

o q 639366 x10°W
5 ptS mc,zotal_cp’c‘(,l-;’o_j.;’i)_ (4’181J/kg—K)(15 OC)_1019 kg/s

m.cymml _ 1019 kg/s — 70
m,,  0.141kg/s

sN =720

5 pts N =

(c)
3 pts C,=o0, C,=m, -c, =426x10°W/K = C,, =C,
c\T -T. T —-T. —288)K
4 pts oot o Cll,oT) (T, oT) (O3-288K ooy

Dinax Cmin(];z,i - Tcz) (Thz - Tcz) - (340-288)K

U-Ayw U-(N-2n-D-L) U-720-21-(0.019 m)-(0.8 m)
- C. - 426x10° W /K

4 pts NTU =—1In(1—-€)=0.340326 =

min

P U=210838W /m =K
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<Problem 3>

(a)

G, =1, A cosb, do, |

6,=6,=0°

_ 4, 1 Acosb do,

GZA A
2 2

1 Ajcos6 A, cos0, I A cosb cosb,
B A, P r

(80,000 W /m”* - sr)-(107* m?)-(1)- (1)

= =2 W /m’

@m)

G, =2W/m’
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(b)

1m

1

[—

o, 50

q,,=1 A cos6 do,
6,=0,=60°
0, = 30°

A, cos@
_ 3
do,_ = 2

I, A cos6, do,_,
A, A,

G3 — q1—>3 _

1 Ajcos6 A cosO, I A cos cosb,

2
A, r

(80,000 W /m”* — sr)- (107 m?) (

2

2m)

I—

m
6, = 60° \

30.5m

) W /m*=0.866 W /m?

\3

Gy = - W /m?>=0866W /m?
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(c)

G, 0866W /m*
I="2= T’": 0275664 W /m> — sr

43, =1, A; cosb, do, ,

A, cosf
_ 2
dw2—3 - r2

G = 45, _ 13 Ay cosb; do, 4
A, A
2 2

I, AycosO; A, cos60, I, A, cosB, cosb,
A, o r

2 )2
= 5 =8.95245x10° W /m?
(2m)

(0275664 W /m* = sr)- (3107 m?)- {‘E] . (1)

.G, =8.95245x10"° W /m*
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