Payt A
PROBLEM 11.53

KNOWN: Concentric tube, counter-flow heat exchanger.

FIND: Total heat mansfer rate and cutlet temperatures of both fluids. .
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ASSUMPTIONS: (1) Negligible heat loss to surroundings, (2) Negligible kineric and potential
energy changes, (3) Constant properties.

SCHEMATIC:

PROPERTIES: Table A-6, Water (T, = 68°C=340K): c,=4188 JkgK; Table A-6, Water
(Te =37°C=310K): ¢, =4178 JkgK.

ANALYSIS: Using the e-NTU method, begin by evaluating the capacity Tates.
¢y =ity Cp =2.5kg/s x4188 J/kg-K = 10,470 W/K 1 Conin=Ch
—m, C, =5.0ke/sx 4178 I/kg-K =20, 890 W/K J Crmin/Crnax =0.50

From the definition, Eq. 11.25,

NTU = UA/Cpin = 1000W/m? K x 23 m? /(10,470 W/K) = 2.20.

Using values of NTU and Cpin/Craax, find from Fig. 11.15, that
e=0.80.

From the definition of £, Eq. 11.20, it follows that

4 =€ Gmax = & Comin (Thi=T,1) = 0.80x 10,470W/K (100-20)K = 670 kW . <
Performing energy balances on both fluids, find

T, o = Te; + @/C, = 20°C + 670kW/20,890 W/K = 52.1°C <
Th.o = Thi — @/Cp = 100°C — 670kW/10,470 W/K = 36.0°C. <
COMMENTS: (1) Note that T, =(20+52.1)°C/2=310K and Ty, =(100+36)° C/2=341K and

that these values agree well with those used to evaluate the properties.

(2) Eq. 11.30 could be used to evaluate £; the result pives e=0.800.
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PROBLEM 11.56

KNOWN: Inlet temperatures and flow rates of water

(c) and ethylene glycol (h)in a shell-and-tube haa;
exchanger {one shel] pass and two tube passes) of pres

cribed area and averall heat transfer coefficient.
FIND: {a) Heat transfer rate and {1 atures and (b) Compute and plot the effec veness, £,
and fluid outler temperatures, T, o and Ty, as a function of the flow rate of ethylene glyecol, m
range 0.5 £y, < 5 kg/s.

i, . for the
SCHEMATIC:

uid outlet temper

| Thi iy = 2 ks

-
Cine shet! Ten
pasg and
two tube
passes

! Tc\.l'f“-jc =S kgis
r

/
The —A=15mE U = 800 WimZ.k

Ethylene glyca)

T Tas= WO, water

ASSUMPTIONS: (1) Negligible heat loss to surroundings, (2}
changes, {3) Constant properties, and (4) Overall coeffici
PROPERTIES: Table 4-5, Ethylene glycol (T
153°C): Cp=4186 g K.

Negligible kinetic and potential energy
BNl remains unchanged.

=40°C): ep = 2474 kg K: Table A-6, Water (T =

ANALYSIS: (a) Using the e-NTU method we first obtain
Ch =(rhye, , )= (2kg/sx 24741 /kg K} = 4948 W/K

C=(r.e,. )= (5ke/s X 4186]fkg-K)=20,930 W/K,

Hence with Cou = Cy = 4948 W/K and C, = Corin/Cong = 0.236,

UA _ (800W/m? K)15m?
Con 4948 W/K

NTU =

=243,
From Fig. 11.16, £ = 0.81 and from Eq.11.23

9=6C,,(T,, = T,,) = 0.81{4948 WYK)60-10)K =2 x10° W _

<
From Eqs. 11.6 and 11.7, energy balances on the fluids,
2107
To=Ti-—-=60C-—210W _ oo <
' c, 4948 W/K
. 2x10°
To=T, -2 =i0c-2X10W _ e <
- TC, 20,930W/K

(b} Using the [HT Hear Exchanger Tool, Shell and
Tube, and the Propertiesr Too! for Warer and

g
Ethylene Glycol, Teoo Thmandeasa function of é
1hy, were computed and plotted. 5
Atvery low Coy,, (low ™y ) note that € — 1 while §
Tho — Toi As m, increases, both fluid outlet =
temperatures increase and the effectiveness Hot fluld flow rare, meoth fxgfs)
decreases.
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From Egu. 1133
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