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Working Principle of VA System
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 Concentrated Lithium Bromide solution has affinity towards
water, The solution absorbs vapourised refrigerant water.
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Working Principle of VA System

Working Principle of VA Refrigeration
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When maintained at high vacuum, water will boil and flash
cool itself.
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Working Principle of VA System
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As Lithium Bromide becomes dilute it loses its capacity to absorb
‘water vapour. It thus needs to be reconcentrated using a heat source.
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Working Principle of VA System
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This heat causes the solution to release the absorbed refrigerant in the form of
vapour: This vapour is cooled in a separate chamber to ‘become liquid refrigerant,
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Working Principle of VA System

VA & VC Comparison
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Working Principle of VA System
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Working Principle of VA System

Basic VA System
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Analysis of VA System
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Analysis of VA System Example
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Without heat exchanger, (1) & (2) and (3) & (4) are the same.
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Example

In an absorption system using LiBr, T¢ = 100°C, Tg = 10°C, T, = 30°C,
Tc = 40°C. Estimate the values of COP for the following conditions:

@ ideal/Carnot cycle

@ a real cycle if pump delivers 0.6 kg/s solution

@ if a heat exchanger is inserted after the pump and water enters the
generator at 52°C.

@ if condensing temperature is reduced to 34°C, is there any chance of

crystallization?
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Analysis of VA System Example

1. Carnot cycle: Let, T, = (T, + T.)/2 = 35°C

_ Tr [Te=To| _ 104273 100-35 _
COP = 72 [TO—TR} = 1004273 3510 — 197

Real Cycles using LiBr: Two pressures exist in the system:
@ High pressure (generator & condenser): T¢ = 40°C — Py = 7.38 kPa
@ Low pressure (absorber & evaporator): Tg = 10°C — P, = 1.23 kPa
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Vapor pressure, kPa

Saturation temperature, °C
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Analysis of VA System Example
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o
0]
40 : |
| o
il =7 i - v L
S x= 0664
B 5] il
~
2 0]
.
=N |
Bz 20
g 140
-160 4 |
= a0°c
ol 188 | l\ | |
x=05 Crystallization)
-200 . :
0.40 0.45 0. 0.65 0.70

“Gone. of Ligr ()"
e528

Using LiBr solution Chart: h; = —168 kJ/kg & h3 = —52 kJ/kg
Using Steam Table:

o hs =2676.0 kJ/kg, saturated vapour at 100°C
o hg = 167.0 kJ/kg, saturated liquid at 40°C
o hy =2520.0 kJ/kg, saturated vapour at 10°C
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Analysis of VA System Example

4. Teond is reduced to 34°C:

if Teond = 34°C = Pyp = Psye = 5.32 kPa.

~ x3 = 0.69 = m3 = 0.435 & ms = 0.165 kg/s

h1 = —168, h, = —120 & h3(x = 0.69 & 100°) = —57 kJ/kg
Energy balance in heat exchanger:

my(hy — h1) = m3(h3 — hy) ~ hy = —120 kJ/kg

From chart, x = 0.69 & hy = —120) = crystallized state.

© © ¢ ¢©
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o Crystallization is most likely to occur where the solution from the
generator leaves the heat exchanger.
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o An operating condition conducive to crystallization is low condensing
pressure/temperature. Modern systems maintains higher condensing
pressure even when low-temperature condensing water is available to

avoid crystallization.
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Analysis of VA System Example

2. Without heat exchanger:
o LiBr balance: mixy = mzx3 = m3 = %0.6 = 0.452 kg/s
o my =m3+ ms = ms =0.6 — m3 =0.148 kg/s
0 gg = mgh3 + mshs — myhy = 473.3 kW
9 ge = m7hy — mghg = 348.2 kW
o COP = g—; = 348.2/476.6 = 0.735
3. 50% Solution leaves heat exchanger at 52°C
o hy(x =0.50 & 52°) = —120 kJ/kg
9 qg = mah3 + mshs — maho = 444.5 kW
o COP = g—; = 348.2/444.5 = 0.783
Note that, maximum possible COP is only 1.97, with heat exchanger COP

improves from 0.736 to 0.783.
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Analysis of VA System

Aqua-ammonia Absorption System
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Rectifier & analyser are used to minimize the presence of water vapour

going to condenser and evaporator.
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Analysis of VA System

Aqua-ammonia vs. LiBr System

© Dr.

two systems have comparable COPs.
aqua-ammonia system can provide temperatures below 0°C, but
commercial LiBr systems are limited to temperatures higher than 3°C.

auga-ammonia system requires extra components such as rectifier &
analyser.

aqua-ammonia system operates at pressures higher than atmospheric,
LiBr systems operate at very low pressures.

LiBr is very corrosive, hence require special inhibitors.
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Analysis of VA System

Problems with Vapour Absorption System
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high initial cost
shorter life (15 yrs for VA systems, 25 yrs for VC systems.)
requires more space

requires more condenser water ( 4.4 gpm/ton for VA systems, 3.0
gpm/ton for VC systems), high capacity cooling tower and water
treatment plant.

o requires chimney.
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require proper maintenance and longer downtime for overhauling.
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