e A2

7.16. (a) AE, =0 () =u;=0)
AL, =0 (no elevation change)
AP = 0 (the pressure is since restraining force is constant, and area is constrant)
W, = PAYV (the only work done is expansion wcrkj
A = 34980 + 3557 (J/ mol), V=785 cm’, T, =400 K, P=125 kPa, Q=83.81J
PV 125 % 10° Pa | 785 em? | 1lm?
RT 8314 m® Pa/mol K | 400k [10°cm
Q=AH=n(H, - f,) = 0.0295 mol[34980 ~ 35.5T, - 34980 - 35. S(400K)] (J / mol)
83.8J =0.0295[35.5T, -35.5(400)] = 7; =480 K

n= = 0.0295 mol

ART 00295 mol | 8314 m*-Pa | 108 cm? | 480 K

0= ) a
9 125<10° Pa | mol-K_ | I m’ =2dlem!
125 NS & ] 3
T A 5w 10 | (941 -78S)cm? | 1 i

m2 | 108 ems ~ ===
) Q=AU + PAV = AL = Q— APV =838 1 — 195 ] =643 1

(b) AL, =0

718 (B) AH + AE, + AE, =0 — W, (The system is the liquid stream.)

A £, =0 (no change inm and o)
AL, =0 [ne slevation change)

W, =0 (no moving pars or generaed surmena)

AH=Q Q>0

(e) AR +AE, + AE, = — W, (The system is the water)
AHwO (T and P-constant)
A&, =0 {no chunge in m and u)
@=0 (ne AT systam and

afE N —W,, W, =0 (for water system)

(d) AH + AE, + AE, =Q— W, (The system is the oil)
i A £, =0 (no velocity change)
AH +~ AL, =Q W, Q<=0 (friction loss); ¥, <0 (pump work).

(e) AH + AE, + AE, =2 — W, (The system is the reaction mixture}

AL =AL =0 (given)
A, =0 | no moving pans or generawed sument)

Aff = 0. O pos. or neg. depends on reaction




- 7, — H 1298 — 258
T2T () Tl e b 129 =52

T —T S0 — 30 = H(kJ/kg) =52T(>C)— 1302
b=H, —aTl, =258 —(5.2)(30) =—1302
- 130.2
= Tjoe = ———=235°C
H=0= T, ==
-~ 1m? - =
= QUES =——=152x%10" m’/kg
Table B.1 = ($.G) 4 ) = 0659 =F oes . o m®/kg
U(kI/kg)= & — PV = (527 —1302)kJ / kg
laon | 10132 < 1SN/ m2 [ 1.52x 107 m® | 1J | 1kJ
- | 1 arm | 1 kg | L N-m | 10° T

= U(kJ/kg) =527 — 1304

20 kg | [(5.2 % 20-130.4) - (5.2 x 80 -130.40] kJ _

(b) Energy balance: QO =AL/ = 1 - e = —6240 kJ
AE, . AE, W=0 S
6240 kJ L min
Average rate of heat removal = T | 50 5 =208 kW

724 (a) A + AE, +AE, = Q—W,; AE,, AL, , W, =0= AF =0
E(400°C, 1 aun)=3278 kJ/kg (Table B.6)
F(100°C, sat'd — 1 atm) = 2676 kJ/kg (Table B.5)

100 kg H,O() / s 100 kg H,O(v) * s

L00® C, saturated I 1 400°C, 1 atm

Ok W)

100 kg | (3278 — 2676.0)kJ | 10° J
= s | kg | 1 kJ
(B) AU + AE, +AE, =Q— W ; AE,

=6.02Z < 107 I/s

. AE,, W =0=AU=0
o(100°C, 1 atm) = 2507 kJ/kg (400°C, 1 atm) = 2968 kJ/kg (Tabies B.5 & B.7)
= Q=AU =mAL = 100 kg[(2968 — 2507) kl/kg](10° J/iJ)=461<107 1

The difference is the net energy needed to move the fluid through the system (flow work).
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7-31 Basis: 1 kg of30°C siream

1 kg H:O(D@E@30°C
2 kg H.O(L@90°C

(a) T, =%(30"C} - %(90' C)=70-C

3 kg FLO(M@TH"C)

(b) Intermal Energy of feeds: /(30°C, liq.) = 1257 k_r;kg}
(90°C, lig.)=3769 ki/kg
(Table B.S - neglecring effect of P on )
Energy Balance: Q- W = Al + AE, + AF, m S 3T, A7 =0
= 300, — (1 kg)(125.7 kI / kg) — (2 kg)(376.9 kJ / kg) =0
=7, =2932 kJ/kg=> T, = 70.05°C (Table B.5)

TO -_ . . X
Diff.= M = 100% = 0.07% (Any answer of this magnitude is acceptable).

T0.05

7.40 Basis: Given feed rates

my {mol/ h) -
0.2 C3H, Acmy(anl Cay s by

0.8 C,.H Ac, i, (Mol C.H g/ h)
0°C, 1.1 atm 2=27%C
iy (mol/ h)y

e

¢ 040 C3H
QT LRY 0.60 C.H g

25%C; Tl aem

Molar flow rates of feed streams:

4 —300L |11 awm | 1 mol
v hr | 1amm | 224 L(STP)
4. o 200L |273K [1.1awm | L mol
= hr | 298 K | 1L am | 22.4 L(STPE)
e R B e 14.7 mol | 0.20 mol C;H, _9.00 mol | 0.40 mol C;H,
—fopane fasnes b | mol [ mal
=654 mol C,Hy/h
Total mole balance: ric i, =(14.7 +2.00-654) mol C H/h=1716 mol C,H./h

= 14.7 mol/h

=9.00 mol/h

Energy balance: AE,, W, =0, neglect AL, = @ = A

. . _— v £ _G34mol CH, | 20685 kd  17.16 mol C,H,g | 27442 kS
wa-gg\f‘f-{r—g;\ﬂﬂ.: 2 i — s
_(0.240=9.00) mol C;Hy | 1772 S _(0.60%9.00) mol CuHyp | 23946 _ oop (o,
T mol h I Ol —

( &, =0 for compenents of 1st feed stream)
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753 (a). V[:rn’/s) = A, fm’)u,(m/s) = Ay (m? e (m/s) = ey =, ::—' —_— oy, = du,

(b). Bernoulli equation (Az = Q)

2 i g
A S
P 2 2

Multiply both sides by — |
Substitute ] = 16a]
Multiply top and bottom of right - hand side by 4

note % = dlul

15pF*
P —pP ==k
1 z = ZA;
R T
13p ::V: 5 2Agh| Pu
P - P, = — e MO 2 2GR Pus
© P =P =(pyy — Puo)e AT - 15 Upne

2
o =E[ic(?5)‘] em®* ‘ 1 m* ' 9.8066 m ' 38 cm] I m '(13.6— B nomse T m:
15 [ 10 em™ | s® | | 107 em |
=F =0.044 m’/s=44 L/s
et



