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Chapter 5. Modeling Thermal Equipment

5.1 Using Physical Insight
— Heat exchanger (HX)

— Distillation separator

 Turbomachinery

|, Design condition

__ Off-design condition
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Chapter 5. Modeling Thermal Equipment

5.2 Selecting and simulating a Heat-Exchanger
— (a) Shell and tube liquid : liquid

— (b) Finned coll liquid : vapor(gas)

— (c¢) Compact > 700m?/m3

(a) Shell-and-tube (b) Finned-coil (c) Compact
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Chapter 5. Modeling Thermal Equipment

5.3 Counterflow Heat-Exchanger — most favorable AT
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Chapter 5. Modeling Thermal Equipment

5.3 Counterflow Heat-Exchanger — most favorable AT
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Chapter 5. Modeling Thermal Equipment

5.3 Counterflow Heat-Exchanger — most favorable AT
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Chapter 5. Modeling Thermal Equipment

5.4 Special Case of Counterflow Heat-Exchanger
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5.4 Special Case of Counterflow Heat-Exchanger

t,, +t, UA/JW
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Chapter 5. Modeling Thermal Equipment

5.5 Evaporators and Condensers

Vapor Vapor
T i
Liquid Liquid

Refrigerant - working fluid
L during evaporation and condensation

— constant temperature (— constant pressure)
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Chapter 5. Modeling Thermal Equipment

5.5 Evaporators and Condensers
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Chapter 5. Modeling Thermal Equipment

5.6 Heat-Exchanger effectiveness

& = qactual
Omax --- Maximum possible heat transfer rate
(infinite heat transfer area)
V\& Cpl ti,i

Oimax = chpl(tl,i _t2,i) Uy max = W2Cp2(tl,i _t2,i)

qmax - min(ql,max 1 q2,max) - (ch)min (thot,i _tcold,i)
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Chapter 5. Modeling Thermal Equipment

5.6 Heat-Exchanger effectiveness

<Example> What is Omax ?

il
l 2.6 kg/s
Water 60 °C
1.5 kg/s 2.2 kJ/(kg * K)
30°C

4.19 kJ/(kg * K)

Infinite area
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Chapter 5. Modeling Thermal Equipment

5.6 Heat-Exchanger effectiveness

<Solution>
Case 1) Yoiimax = (2.6 kg /s)[2.2 kJ(kg-K)](60-30°C)=171.6 kW

171.6 kW
(1.5 kg /5)[4.19 kJ (kg - K)]
Case 2) Yuater.max = (1.5 kg /s)[4.19 kJ (kg -K)](60-30°C) =188.6 kW

=57.3°C

Water leaves at 30°C +

188.6 kW e
(2.6 kg /5)[2.2 kJ (kg - K)]

Oil leaves at 60°C —

Case 2 is impOSSible I O min(qoil,max ’ qwater,max) - qoil,max
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5.7 Temperature profiles

Temperature
Temperature

(wc,), — min
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5.8 Effectiveness of a Counterflow heat exchanger

If (wep)y = (Wey)m,
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5.8 Effectiveness of a Counterflow heat exchanger
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Chapter 5. Modeling Thermal Equipment

5.9 Number of Transfer Unit (NTU)

— q=UAAt,_ b ——

N\ANNAANS]
N\ANNAANS]

NS /P

— < t2,i
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5.10 Binary Solutions, P-T-x diagram

: mass of A
A+B mass fraction of A =
vap y mass of A+ mass of B
|Iq A+B X m,
: M
mole fraction of A = 2
ma mb
ex> petroleum M + M :
cryogenic separation a b molecular mass weight
food
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5.10 Binary Solutions, P-T-x diagram

Boiling Vapor Liquid
temperature
of pure B

Dew-point line

Liquid-vapor For a given

temperature
Bubble-point line
Boiling
Liquid Lefn;pu:;a;m Vapor
0 1.0 0 % 10

Fraction of A, x,

Fraction of B, x,,
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5.12 Developing T-x diagram

Sat. P — Sat. T relation

Tds =dh - vdP
InP:C+R —sdT =dg —vdP
T —-s,dT +vfdP:dgf} cqual
Raoult’s law Dalton’s law —S,dT +v,dP =dg,
dP S-S, _ hfg
P, = X, P 2 P=P, +PR dT v, -v, T(v,-v,)
vapor pressure t P of B
in mixture ;?Jre AO P, =VY.P N hfg _ hngZ’
Pb = ybP TVf RT
mole fraction of A \
in the lig. phase total P

mole fraction of A
in the vap. phase
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Chapter 5. Modeling Thermal Equipment

5.13 Condensation of a binary mixture
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Chapter 5. Modeling Thermal Equipment

5.14 Single stage distillation

2
Liquid feed Separator
———— VWV

1

+ Vapor

Partial vaporizer
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Chapter 5. Modeling Thermal Equipment

5.14 Turbomachinery

b speed
Pressure
ratio

O |N'U

Volume flow rate W4/c,T;
D 2P,
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