ssociation for Economical and Technological Cooperation

ECENAR T e,
_-""-rl--lll_. :'}I.”-:i:lll .

in the Euro-Asian and North-African Region A A

Sl ol Ll 655 Sl S5
Institute for Chemical Process Technology (ICPT)
http://aecenar.com/institutes/icpt

Sim p I e refrig erq II'io n Cyc I e Basic components of refrigeration are: Based on the Ideal gas

R 22 ) Y Compressor, Condenser, expansion Law: PV=nRT
= — A valve(throttle) and evaporator In a constant volume V
* Nomenclature: SIKLUS REFRIGERASI - pa - - when P increases — T
; REFRIGERATION CYCLE o 7°C ﬁ o : , 3mPa '
Chlorodifluoromethane ( ) W C\h o 2 | NETSOSES
/) e The variation of pressure
* SymbOI' CHC/FZ - - A has influence on the
* Boiling point: 5°C = : degree of boiling point of
temperatur evaporasi = 5°C | EVAPORATOR / g [
T=-40.7°C (2325 K) @ pada tekanan = 4,8 bar | Q 5°C // &2 ima SlEligEell
_________________ The TXV is used in many
1 bar 30°C refrigeration systems, they
T=4.9°C (278.05 K) @ 200kes can be found in the same
location which is just before
4.8 bar temperatur kondensasi = 45°C 100kPa | the eVOporOTOr.
- o '} pada tekanan = 16,3 bar : 5 2 : : 4 i
T=45.6"C (318-75 K) @ sokpa | i o s J—— The valve decreases the

oL pressure to allow the
How Thermostatic Expansion Valves Work  refrigerant fo bail af lower
mam e t€MPEratures. The bolling is
Saturated Liquid . .
= essential as the refrigerant
will absorb the heat from

16.3 bar

Low Pressure
Low Temperature
Liquid/Vapour Mixture

r From the ambient air and carry
- ; T LR TR TR " Ll AN 1O e
L) 45°¢ — (CLLLIIITTHRATAIIIIL. - compressor. Just
KOMPRESOR € o5 ([T remember that refrigerants
| TR (= r have a much lower boiling
n: emmw refrigerant gas bertekanan tinggi KONDENSER | \ . FILTER DRIER point than water.
refrigerant cair bertekanan tinggi 45°C 144°C . ) . . . .
e refrigerant cair bertekanan rendah The high pressure liquid refrigerant is forced through a small orifice

which causes a pressure reduction as it passes through. During this
pressure reduction, some of the refrigerant will vaporise and the rest
will remain as liquid.

e refrigerant gas bertekanan rendah 40°C

Refrigeration with | point 4: Gas

P4=1 bar N

cascade to T4= 16°C (> 20 °C)

Point 1: Gas
P1= 25.85 bar

HIGH TEMP.
COMPRESSOR

1 hitelsaigilod | T1=90°C (>60 °C)
reaching a lower ; ., uigherstage) —
'l'em perq'l'u re -+ Chemical formula: | Point 2: Liq
( kelvinator refrigerator ) C3HC|2F7 P2= 25085 bar .
« Boiling point: é T2=50°C (<60 °C)
The cascade refrigeration system consists -45.5°C @ 1 bar ; — © o - od
of a low-temperature loop (Low stage) il 2 S By SICHT  FILTER DRIER ] .
and a high_fempercﬂ'ure |Oop (h|gh + 61.5 C @ 25-85 bar (375 psi) T ; % POlnt 3. I.'q or GaS
stage). 3 = P3=1 bar
| R-503 (Lower stage) ' = T3=-50°C (< - 45.5 °C)
Each stage consists of a compressor, ¢ Chemical formula: PG2  _ HEAT l high pressure gas
condenser, expansion valve and '
evaporator ¥ CC1E3 CHE3 @ -— ﬁ
* Boiling point: Point A: Gas
: : : o Sl . < SEP/?RIhTOR | _
The high stage condenser is cooled by air | - 87.5°C @ 1 bar | Pa= 25.85 bar
cooled, while the low stage condenseris o . / Ta= 10°C (> -20 °C
cooled by the high stage evaporator. '20 C @ 25.85 bar @375 = ( )
So the high stage evaporator acts as a coolant for Point B: Liq l
the pressurized refrigerant in the low stage. Pe= 25.85 bar low \ i
' pressure \\\ P in D:
Advantages of a cascade cooling system: Te=-30 (< -20°C) =)o | FointD: Gas
) RepCIir IS easy — SIGHT e EVAPORATOR Po=1 bar
. The Cascade refrigeration allows to low- Point C: Liq or Gas PR SR OTUSEY. 'GLASS. = Ve . To=-83°C (> -87.50 °C)
temperature operation. L - 80°C |
You can reduce the use of power up to 10% with Pc=1 bar
the help of cascade refrigeration. Te=-90.5°C (< -87.5°C)

a . ~
Cryogenlc Liquefaction of Oxygen in a big shape BN
based on Linde cycle

Liquefaction of Oxygen Prototype cycle EANE S Sl
qxfieg 7.:{:; T & H = 361.58ki/ke H= 24074 kI/Kg
. Ke/sec Oxygen Inlet |— > Mixer — > Cooling |
Point 2: N2 Gas Point 3: N2 Gas P=Lbar 1 - 2 3
\ P2 =15 bar ‘ ‘ P3 =15 bar H=272.71kl/Kg t
T2 =120°C (393K) =78 °C (1 s Ka/ane
M/ T3 =-78 °C (195K) S / | 4
Coo |I ng it g H=199.43 ki/Kg 6 ¥
Comp by kelvinator fridge m=pens Ke/sec HX /\/\
Point 1: N2 Gas e : i
P1 =2 bar HX . " X -
T1 = 7°C (280K) == Filter drier — Separator 5 a M
iaui <« Throttling
\ Point 7: N2 Liq or Gas Liquid Oxygen - poin 5 pin 3
P4 = 2 bar r'nm=n0.07737 Kg/sec ?:12;::' fefsec 21==52(i7l:15;rkg/5ec
YAVAVAVA\ T4 =-113°C (160K) e - seie H- sl
H=-133.58kl/Kg X=0.9717
/Boiling poinlll . \ Oxygen Gas Point 6: N2 Gas
 Nitrogen N2 / P6 = 2 bar; In this prototype the oxygen will be liquefied by cascade cooling of nitfrogen.
- 189.38°C (83.62K) @ 2 bar T6 =-183°C (90 k) The nitrogen gas will be compressed (from 2 bar to about 15 bar)[use for that the
» : » laboratory refrigerator], The nitrogen will then be cooled down to 195 K by means of a
-163°C (110K) @ 15 bar Kelvinator fridge operated with a cascade of R-502 and R-503 refrigerants.
* Oxygen 02 Then the nitrogen will be cooled to lower temperatures (83.6 K) using the expansion valve
- 183°C (90K) @ 1 bar and heat exchanger.
\ / < This nitrogen temperature (<90 K) would be sufficient to liquefy the oxygen at Tatm.
k Point 5: N2 Liq & Gas Point 4: N2 Liq Oxygen gas can also be prepared and cooled to about 170 K in nitrogen before
P5 = 2 bar P4 =15 bar returning directly to the compressor (160 K). /

@ T5 = -189.38°C (83.62 K) T4 =-178°C (95K)
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