PROBLEM 11.10

KNOWN: A shell and tube HXer (two shells, four tube passes) heats 10,000 kg/h of
pressurized water from 35 ° C to 120 ° C with 5,000 kg/h water entering at 300 ° C.

FIND: Required heat transfer area, A,.

SCHEMATIC:
T
Ty <3007 T Q=1500 W/mz-K
T.02120°C A-,;__'D’”/;:”OO"S’//'
]E?:E'_E— mc=10000kg/h
1 ’ 2 -

ASSUMPTIONS: (1) Negligible heat loss to surroundings, (2) Negligible kinetic and
potential energy changes, (3) Constant properties.

PROPERTIES: Table A-6, Water (T, =350K): c, =4195 J/kg'K; Table A-6, Water
(Assume Ty , =150 ° C, Ty =500K): c, =4660 J/kg'K.

ANALYSIS: The rate equation, Eq. 11.14, can be written in the form

A, = q/UAT,, | W
and from Eq. 11.18,
AT, — AT,

AT(m =F AT{m'CF where ) AT(m,CF = m’f; .

(2,3) .

From an energy balance on the cold fluid, the heat rate is

10,000 kg /h’ J 5
i) = 4195 120-—-35)K = 9.905x10° W .
i) 36005s/h % kg'K ( )

From an energy balance on the hot fluid, the outlet temperature is

5000 kg J .
—— —X4660——— = 147" C.
3600 s 0 kgK
From Fig. 11.11, determine F from values of P and R where P =(120—35)°C
/(300-35)°C =0.32, R =(300—147)°C /(120—35)'C =1.8 giving F~0.97. The
log mean temperature based upon CF arrangement follows from Eq. (3); find

q = Mg Cp ¢ (Tc,o—

Th,o = Th,i — /My cpp = 300°C — 9.905x10° W/

300—120)
ATy = [(300—120) — (14735 (300-120) _ 45 3k |
A, = 9.905x10° W /1500 W /m? K x 0.97 x 143.3K = 4.75m? . 3

- COMMENTS: (1) Check Ty=500K wused in property determination;
Ty, =(300+147)° C/2=497K. (2) Using the NTU-¢ method, determine first the capacity
rate ratio, Cpip/Crax = 0.56 . Then '

q — Cma.x (Tc,o_Tc,i) _ 1 % (120—35)°C

Qmax Cmin (Th,i_Tc,i) 0.56 (300—35) °C

From Fig. 11.17, find that NTU = AU/Cp,;, =1.1 giving A, =4.7m?.
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= 0.57 .
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PROBLEM 11.11

KNOWN: The shell and tube HXer (two shells, four tube passes) of Problem 11.10, known to
have an area 4.75m?, provides 95°C water at the cold outlet (rather than 120°C) after scveral
years of opcratlon Flow rates and inlet temperatures of the fluids remain the same.

v

FIND: The fouling factoi', R;.

SCHEMATIC: -
T,..2300°C As=475m
i & he 5000kg/h
- o my=
Teo=95°C T h 9
5 S = L0000kglh
1 z

ASSUNIPTIONS (1) Negligible heat loss to surroundings, (2) Negligible kinetic and
potential energy changes, (3) Constant properties, (4) Thermal resistance for the clean
condition is R =(1500W /m*-K)~!.

PROPERTIES: Table A-6, Water (Tc ~338K): c,=4187 J /kg'K; Table A-6, Water
(Assume Ty, , =190 ° C, T, =520K): c, =4840 J/kg'K.
ANALYSIS: The overall heat transfer coefficient can be expressed as

= 1/(RY +RY) or R} =1/U - R! (1)

where R'{ is the thermal resistance for the clean condition and Rf, the fouling fa.ctor,
represents the additional resistance due to fouling of the surface. The rate equation,
Eq. 11.14 with Eq. 11.18, has the form,

U=o/AFATmor  ATemcr = (AT, — AT,)/én (AT, /AT,) . ' (2)
From energy balances on the cold and hot fluids, find . |

q =1, ¢, (Teo—Tei) = (10,000/3600 kg/s)4187 J/kg'K (95—35)K = 6.978x10° W

Tho = Thi — a/Ty cpp = 300° C — 8.978X10° W /(5000/3600 kg/s x 4840J /kg'K) = 196.2°C .
The factor, F, follows from vﬁlues of P and R as given by Fig. 11.11 with

= (95—35)/(300—35) = 0.23 R = (300—196)/(120—35) = 1.22

giving F~1. Based upon CF arrangement,

AT¢m cr = [(300—95)— (196—35)]* C/¢n [(300—95)/(196.2—35)] = 182K .
Using Eq. (2), find now the overall heat transfer coefficient as

U = 6.978%10° W/4.75m? X 1 X 182K = 806 W/m*'K .
From Eg. (1), the fouling factor is

1 1
Rl = - = 5.74x10 m?>K/W .
‘ 806 W/m?-K 1500 W/m%K X107 m

<

COMMENTS: Note that the effect of fouling is to neariy double

(Udtean /Utouled = 1500 /806 ~1.9) the resistance to heat transfer. Note also the
assumption for T} , used for property evaluation is satisfaciory.




PROBLEM 11.29
KNOWN: Concentric tube heat exchanger.

FIND: Length of the exchanger.

SCHEMATIC: |
| - { o2 sCWater)
AN s 1 Sym— me=225kglh
mp=225kglh | ‘1t T;=35°C
7E'g=95°C

C,=2095T g K 't R —
Th;=210°C l(_,_,:\' Up=550Wfm2 ~ Dy=100mm

ASSUMPTIONS: (1) Negligible heat loss to surroundings, (2) Negligible kinetic and
potential energy changes, (3) Constant properties.

PROPERTIES: Table A-6, Water (T, =(35+95)° C/2=338K): ¢, . =4188 J/kg'K.

ANALYSIS: From the rate equation, Eq. 11.14, with A, =7D, L,
L =q/U, 7D, AT, -

The heat rate, q, can be evaluated from an energy balance on the cold fluid,

_ 225kg/h
3600s/h

In order to evaluate ATy, we need to know whether the exchanger is operating in CF
or PF. From an energy balance on the hot fluid, find

q = ¢ (T 0—Te,) %4188 J fkg'K (95—35)K = 15,705 W .

Tho = Thi — /My ¢y =210°C — 15,705 W/ 226255//2 x 2095 ng_K =901°'C.

Since Ty o < T¢,o it follows that HXer operation must be CF. From Eq. 11.15,
AT, —AT; _ (210—95)—(90.1-35) '

AT = = ‘C=814°C.
fmor — ¢n (AT, /AT,) ~ ¢n(115/55.1) ‘
Substituting numerical values, the HXer length is
L = 15,705 W /550W /m? K7 (0.10m) x 81.4K = 1.12m . <

COMMENTS: The ¢-NTU method could also be used. It would be necessary to
perform the hot fluid energy balance to determine CF operation existed. The capacity
rate ratio is Cpin/Cmax = 0.50. From Egs. 11.19 and 11.20 with q evaluated from an

energy balance on the hot fluid, TA T 2210C
i .
Tpi—Tho _ 210—90.1 S~ hs0IC
€= = =0.69 . s
Th,i—TC,i 210—35 t _qj—-ca‘i_r _350C
c,0” c,i”
From Fig. 11.15, find NTU=1.5 giving 1 3> X

w

7— " 7(0.10m) ~1.14m .
m

L = NTU" Cpjp /U, 7D, =1.5X 130.94%’- /550

Note the good agreement by both methods.

_"LI.'" . .




PROBLEM 11.31 .

KNOWN: A very long, concentric tube heat exchanger having hot and cold water inlet
temperatures, 85°C and 15°C, respectively; flow rate of hot water is twice that of the cold water.

FIND: Outlet temperatures for counterflow and parallel flow operation.

SCHEMATIC:

T 15C
3

¢

h,i785°C—x

- T

1

ASSUMPTIONS: (1) Equivalent hot and cold water specific heats, (2) Negligible kinetic and
potential energy changes, (3) No heat loss to surroundings.

ANALYSIS: The heat rate for a concentric tube heat
exchanger with very large surface area operating in the
counterflow mode is

4= qmax = Crin (Tn,i=Tc,1)

where Cpy, =C.. From an energy balance on the hot
fluid,

q= G (Tp,i—Th,o) -
Combining the above relation and rearranging, find

* Conin C
Tho = =—=— (Thi = Te,i) + Tni = ——=— (Tni = Te,i) + Thi -
Ch Ch o

Substituting numerical values,

Tho = —% (85-15)°C + 85°C = 50°C . <

For parallel flow operation, the hot and cold outlet
temperatures will be equal; that is, T¢ o =T,
Hence, '

Ce (Te,0 = Te,i) = Ch (Th,i = Tho) -
Setting T , =Ty, and rearranging,

C, C
Th.o= Th,i"' C_th'i / 1+-a-::-

1 ° 1 o FY
Tho = 85+—2-><15 C/ l+-i- =61.7°C. _ .

COMMENTS: Note that while £=1 for CF operation, for PF operation find
€ = q/qmax = 0.67. : : ‘
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