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Liquefaction of Gases

 Industrial process for, e.g., natural gas (to LNG),
petroleum gas (to LPG), refrigerant gases.

* The efficiency = the amount of liquefied gas
produced per unit of work done in the compressor
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NOTE: Compression usually results in an increase in T and expansion usually
resulted in an decrease in T. The importance is how to increase the efficiency.
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Liquefaction of Gases

Nitrogen can be liquefied using
a Joule-Thomson expansion

Industrial O\FPla‘C afcons :

| hatural gas ¢ LG ) process. This is done by rapidly
Propane and adiabatically expanding
z're]‘r.‘jpm"f nses cold nitrogen gas from high

pressure to a low pressure. If
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Liquefaction of Gases

 EX. 5.1-1 Linde Liguefaction Process

Consider pure methane (natural gas) at 1 bar and 280 K
IS compressed and then cooled to 100 bar and 210 K.
The flash drum Is adiabatic and operates at 1 bar. The
compressor is operated via 3-stage, from 1 to 5, 5 to 25,
and 25 to 100 bar, with isobaric intercooling to 280 K.

(a) Calculate the amount of work required per kg of
methane.

(b) Calculate the fraction of vapor and liquids leaving the

flash drum. 5
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Liquefaction of Gases
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Liquefaction of Gases

Fig. 5.1-1

Fig. 5.1-2

Fig. 5.1-3

280k

| 5 bar

525 bar {00 bar Saf. VepeY"
( bar L25 - foobar 200K lhares, @ =)

280K

Throttling
valve

NG

Liquefiedgas ( |~ 7)
Lv
Cooler Drum q

Compressor Sar. | ,‘1(4,;J
(Single or multistage)

Figure SWim A simple liquefaction process without recycle.
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Figure 88 The more efficient Linde liquefaction process.
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Liquefaction of Gases
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Liquefaction of Gases
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Power cycles

« Canot cycle: ideal gas as the fluid in heat engine; the

Isothermal compression step usually requires large
amount of work.

* Rankine cycle: use steam as the working fluid to run heat
engine; both turbine and pump are considered to operate
Isentropically, the condenser operates isobarically, the
heating Iin boller is at constant P.
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Power Cycles
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Refrigeration Cycles

« Refrigeration (and cooling): heat is removed from
low-temperature body and is directed to high-
temperature body (e.g., surrounding).

« Refrigeration Is not a naturally occurring process
and It requires work consumption.

* This results in using work to pump heat from a
low-T region to a high-T region. Therefore, it is
also called a heat pump.

« This can be carried out conceptually by reversing
the operation of a power cycle.



Refrigeration Cycles

* Rankine refrigeration cycle: a similar cycle as the
Rankine cycle operates essentially in reverse.

(o
Low-pressure vapor Bvaporator @ Dowpresste
@ (or boiler) vapor-liquid
mixture
: SCompressor; Expansion 2 .
We turbine Wy
(State) T o)
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1 (Saturated liquid) T P, S H, . vapor liquid
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Refrigeration Cycles

e EX.b.2-2

An automobile air conditioner uses a vapor-compression
refrigeration cycle with the environmentally friendly
refrigerant HFC-134a as the working fluid. (a) Calculate
the missing temperature and pressures in the table. (b)
Evaluate the coefficient of performance (C.O.P.).

: 1
Point Fluid State Temperature ' !
P COP.=—— Qs —!
. . |

I Saturated liquid 55°C L Y\_/T_ _""_YV_P_:

2 Vapor-liquid mixture _

G

3 Saturated vapor 3 i

4 Superheated vapor e e =
Wp gCompressor; Et p
>| Condenser I
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Power regeneration & Refrigeration cycles
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Power regeneration & Refrigeration cycles

Heating cycle Cooling cycle
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Figure S%® Hecat pump in heating (winter) and cooling (summer) cycles.
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