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Step 1:
Step 2:
Step 3:
Step 4:
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Expansion stage (P, > P, & T, 2> T,) where P,>P,; & T, >T,.

Evaporation stage (S; > S,)
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Compressor
LPG | Power =? EO01
Temp. = 10°C . ' -
Press. = 1.2 bar Temp. =-10°C chw 2 oI
Flow = 15,078Kg/hr supply = 32°C return = 40°C
Ccvol Refrigerant
= 0
Adiabatic|] — ;?gz _‘,1')5 =
Flash T

Refrigerant
Temp. = -20°C
Press. =7

KO1: Compressor

EO1: Condenser

CVO01: Pressure Let-down Valve
FO1: Economizer

EO02: Evaporator



Problem Description

LPG
Jt. Gas Composition
1) Propane . 7.80 mole%
2) N-butane : 49.08 mole%
3) I-butane : 43.12 mole%
Lt. Condition
1) In/Out Temperature :10C /-10T
2) In/Out Pressure ;1.2 bar/1.2 bar
Ct. Flow Rate

1) 15,078 Kg/hr
REFRIGERANT: Propane

Cooling Medium: Water
In/Out Temperature ;10T /-10TC



LU= & H Procedure

Step 1: 00 0 O (E02)00 Heat duty = ?

Step2.0 0000000 OO0 OO

Step 3: Pressure Let-down Valve OO OO0 OO
Step4: 000 00000 OO

Step5: 000 OO0 OO

Step 6: 00 0O (EO01)0 Heat duty = ?

Step7: 000 000 OO

Step8: 0000 OD0O00OOO OOOO



Step 1. S&I1(E02)2| Heat duty = ?

EOQ2

LPG Feedstock
Characterization

Propane 7.80 mole%
I-butane 49.08 mole%
N-butane 43.12 mole%
Temperature 10 °C
Pressure 1.2 bar
Flowrate 15,078 Kg/hr
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LPG out = -10°C

When finished, save as Step-l.inp



PRO/Il Keyword Input for Step 1

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-1, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,C3/2,IC4/3,NC4
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROPERTY STREAM=1, TEMP=10, PRES=1.2, RATE(WT)=15078, &
COMP=1,7.8/2,49.08/3,43.12
UNIT OPERATIONS
HX UID=EOQ02
HOT FEED=1, M=2
OPER HTEMP=-10
END



PRO/Il Output Summary for Step 1

UNIT 1, 'EO2'
OPERATING CONDITIONS
DUTY, M*KCAL/HR
HOT SIDE CONDITIONS

FEED
LIQUID PRODUCT
VAPOR, KG-MOL/HR
K*KG/HR
LIQUID, KG-MOL/HR
K*KG/HR
TOTAL, KG-MOL/HR
K*KG/HR
CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

264.388
15.078

264.388
15.078

10.000

1.200

OUTLET

264.388
15.078
264.388
15.078
264.388
-10.000

1.200



Step 2: ¥=J| ER0AQ 220l BH
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Discharge Pressure = ?

»
»

A 4

OO0 00000 00O b0ObOn
oo oot oot ooboud
45cCO 0O OO0 OO0 OO +0.5bar (?)0d O0O.

When finished, save as Step-2.inp



PRO/Il Keyword Input for Step 2

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-2, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,C3
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROP STRM=1, TEMP=25, PRES=1, RATE(M)=100, COMP=1,100
UNIT OPERATIONS
FLASH UID=F01
FEED 1
PRODUCT L=1L, V=1V
BUBBLE TEMPERATURE=45
END



PRO/Il Output Summary for Step 2

FLASH ID FO1l
NAME
FEEDS 1
PRODUCTS VAPOR 1v
LIQUID 1L
TEMPERATURE, C 45.000
PRESSURE, BAR 15.386
PRESSURE DROP, BAR -14.386
MOLE FRAC VAPOR 0.00000
MOLE FRAC LIQUID 1.00000
DUTY, M*KCAL/HR -0.31995

FLASH TYPE BUBBLE-T




Step 3: Pressure Let-down Valve 00 OO0 OO

CV01

Discharge Pressure = ?

»

A 4

0 00000000 -200CO00 OO0 OO0 OO
O .

When finished, save as Step-3.inp



PRO/Il Keyword Input for Step 3

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-3, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
COMPONENT DATA
LIBID 1,C3
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROP STREAM=1, TEMP=25, PRES=1, RATE(M)=100, COMP=1,100
UNIT OPERATIONS
FLASH UID=F01
FEED 1
PRODUCT V=1V, L=1L
DEW TEMPERATURE=-20
END



PRO/II Output Summary for Step 3

FLASH ID FO1l
NAME
FEEDS 1
PRODUCTS VAPOR 1v
LIQUID 1L
TEMPERATURE, C -20.000
PRESSURE, BAR 2.439
PRESSURE DROP, BAR -1.439
MOLE FRAC VAPOR 1.00000
MOLE FRAC LIQUID 0.00000
DUTY, M*KCAL/HR -0.08167

FLASH TYPE DEW-T
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Step 4: Hoye

Propane Out = -20°C (All Vapor)

E02: 1.469x106 Kcal/hr

LPG out = 10°C @ LPG out = -10°C

15,078 Kg/hr

Propane In = -20°C (All Liquid)
?7? Kg/hr

When finished, save as Step-4.inp




PRO/Il Keyword Input for Step 4

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-4, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,C3
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROP STREAM=Cl, TEMP=-20, RATE(WT)=10000, COMP=1,100
UNIT OPERATIONS
HX UID=EO2, NAME=EVAPORATOR
COLD FEED=Cl, M=C2
OPER CLFRAC=0
CONTROLLER UID=CONl1
SPEC HX=EO02, DUTY, VALUE=1.469
VARY STREAM=Cl, RATE
END



PRO/II Output Summary for Step 4

UNIT 1, 'EO2', 'EVAPORATOR'
OPERATING CONDITIONS

DUTY, M*KCAL/HR
COLD SIDE CONDITIONS

FEED
VAPOR PRODUCT
VAPOR, KG-MOL/HR
K*KG/HR
LIQUID, KG-MOL/HR
K*KG/HR
TOTAL, KG-MOL/HR
K*KG/HR
VAPORIZATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

346.939
15.299
346.939
15.299

-20.000

C2
346.939
15.299

346.939

15.299
346.939
-20.000

2.439

2.439



LPG

Temp. = 10°C
Press. = 1.2 bar
Flow = 15,078Kg/

A

EOQ2
LPG
2 Temp. = -10pC
TN
FO1
Adiabatic
Flash —

Refrigerant
Temp. =-20°C
Press.=?

Anpressor

. Power =?

c/w
supply = 32°C

CVvo1l

A 4

EO1
2 clw
return = 40°C

Refrigerant
Temp. = 45°C
Press. =7

o oooboogad
o0 ooo ol

oo oo.

When finished, save as Step-5a.inp & Step-5b.inp



PRO/II Keyword Input for Step 5a

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-4, USER=JHCHO
PRINT INPUT=ALL, RATE=WT, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,C3
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROP STREAM=1, TEMP=45, PRES=15.886, RATE(WT)=100, COMP=1,100
UNIT OPERATIONS
VALVE UID=CVO0l
FEED 1
PRODUCT V=1V, L=1L
OPERATION PRESSURE=2.439
END



PRO/II Output Summary for Step 5a

STREAM ID
NAME
PHASE

FLUID RATES, KG/HR
1 C3

TOTAL RATE, KG/HR

TEMPERATURE, C
PRESSURE, BAR
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT
WEIGHT FRAC VAPOR
WEIGHT FRAC LIQUID

LIQUID

100.0000

100.0000

45.0000
15.8860
2.9726E-03
44.0970
0.0000
1.0000

1L

LIQUID

56.3211

56.3211

-20.0025
2.4390
-6.8700E-04
44.0970
0.0000
1.0000

1V

VAPOR

43.6789

43.6789

-20.0025
2.4390
3.6596E-03
44.0970
1.0000
0.0000



A A >
Apressor
Power = ?
LPG i 56.32 : 15,299 = 43.68 : X
Temp. = -10°C|
43.68Kg/hr X = (15,299) (43.68) / (56.32)
(?) ? = 11,865Kg/hr
TN CVO01
01
Adiabatic | . 100Kg/hr
Flash (?7?)
\—/ T 27.164Kglhr
56.32Kg/hr Refrigerant
(15,299) Temp. =-20°C

Press.=?




PRO/Il Keyword Input for Step 5b

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-4, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,C3/2,IC4/3,NC4
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROP STREAM=1, TEMP=-20, PHASE=V, RATE (WT)=27164, COMP=1,100
UNIT OPERATIONS
COMPRESSOR UID=KO01
FEED 1
PRODUCT V=2
OPERATION PRES=15.886, EFF=70

END



PRO/IlI Output Summary for Step 5b

UNIT 1, 'KO1l'

FEEDS

PRODUCTS VAPOR
OPERATING CONDITIONS

TEMPERATURE, C
PRESSURE, BAR
ENTHALPY, M*KCAL/HR
ENTROPY, KCAL/KG-MOL-C
MOLE PERCENT VAPOR
MOLE PERCENT LIQUID
ADIABATIC EFF, PERCENT
WORK, KW

THEORETICAL

POLYTROPIC

ACTUAL

2.8458
51.6310
100.0000
0.0000

100.0000
0.0000
70.0000

662.79
699.44
946.84



Step 6: 000 (E01)O Heat duty = ?

Propane In N Propane In
Temp. = 71.30°C Temp. = 45°C

Press. = 15.886 bar
Flow = 27,164Kg/hr

Heat duty = ?

When finished, save as Step-6.inp



PRO/Il Keyword Input for Step 6

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-4, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,C3
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROP STRM=1, TEMP=71.3, PRES=15.886, RATE(WT)=27164, COMP=1,100
UNIT OPERATIONS
HX UID=EOl1l, NAME=CONDENSER
HOT FEED=1, M=2
OPER HTEMP=45
END



PRO/II Output Summary for Step 6

UNIT 1, 'EOl', 'CONDENSER'
OPERATING CONDITIONS

DUTY, M*KCAL/HR
HOT SIDE CONDITIONS

FEED
LIQUID PRODUCT
VAPOR, KG-MOL/HR
K*KG/HR
LIQUID, KG-MOL/HR
K*KG/HR
TOTAL, KG-MOL/HR
K*KG/HR
CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

616.006
27.164

616.006
27.164

71.300

15.886

OUTLET

616.006
27.164
616.006
27.164
616.006
45.000
15.886



Step 7: 000 000 OO

Cooling water Out = 40°C

C3in=71.2°C
27,164 Kg/hr

/\Eﬂ: 2.283x10° Kcal/hr

/ C3 out = 45°C

Cooling water In = 32°C

?7? Kg/hr

When finished, save as Step-7.inp



PRO/Il Keyword Input for Step 7

TITLE PROJECT=GAS HAKHOI, PROBLEM=STEP-4, USER=JHCHO
PRINT INPUT=ALL, FRACTION=M, PERCENT=M
DIMENSION METRIC, PRES=BAR
SEQUENCE PROCESS
COMPONENT DATA
LIBID 1,H20
THERMODYNAMIC DATA
METHOD SYSTEM=PR, SET=PRO1
STREAM DATA
PROPERTY STREAM=1, TEMPERATURE=32, PRESSURE=3.5, PHASE=M, &
RATE (WT) =20000, COMPOSITION(M)=1,100, NORMALIZE
UNIT OPERATIONS
HX UID=EOl, NAME=CONDENSER
COLD FEED=1, M=2
OPER CTEMP=40
CONTROLLER UID=CONl1
SPEC HX=EO0l1l, DUTY, VALUE=2.283
VARY STREAM=1, RATE
END



PRO/II Output Summary for Step 7

UNIT 1, 'EOl', 'CONDENSER'
OPERATING CONDITIONS

DUTY, M*KCAL/HR
COLD SIDE CONDITIONS

FEED
WATER PRODUCT
WATER, KG-MOL/HR
K*KG/HR
CP, KCAL/KG-C
TOTAL, KG-MOL/HR
K*KG/HR
CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

15881.
286.

168
099

.000
.500

.998
15881.
286.

168
099

OUTLET

15881.168
286.099
0.997
15881.168
286.099
0.000
40.000
3.500




2t2t0| Step 2 AH Z S| QO

Step | &= PAHZ 1
11000 (E02)O Heat duty =? 1.469x10° Kcal/hr
2|00 000000 000 Ooa 15.886 bar
3 | Pressure Let-down Valve 00O OO0 OO 2.439 bar
A|lO000 00000 00 15,299 Kg/hr
5000 000 00 946.84 kW
6000 (EO01)O Heatduty =7 2.283x10° Kcal/hr
/|\000 00O aad 286,099 Kg/hr
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When finished, save as Refrigeration-cycle.inp



ZEXO SE LX) Al

STRM NO. 1 2 3 4 5 6 7

C3 (%) 100.00 100.00 100.00 | 100.00| 100.00 100.00 100.00
Temp. (°C) -20.0 71.30 45.00 | -20.00| 11,865 15,299 15,299
Press. (bar) 2.439 15.886 15.886 2.439 2.439 2.439 2.439
Phase \Y \Y L M \Y L \Y
Flow (Kg/hr) 27,164 27,164 | 27,164 | 27,164 | 11,865 15,299 15,299
Enthalpy 2,275,900 | 3,090,100 | 807,500 | 807,500 | 994,100 | -186,600 | 1,281,800
(Kca/hr)

STRM NO. LPG1 LPG2 C/W-IN | C/W-OUT

Temp. (°C) 10.00 -10.00 32.00 40.00

Press. (bar) 2.439 15.886 15.886 2.439

Phase V V L M

Flow (Kg/hr) 15,078 15,078 | 286,099 286,099

Enthalpy 1,393,000 -75,990 | 9,155,000 | 11,438,000

(Kca/hr)
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KO1

Power = 946.84 kW

Temp. = 10°C
Press. = 1.2 bar
Flow = 15,078Kg

1.469x10°6 Kcal/hr

LPG Out
Temp. =-1

Adiabatic

Flash

»

v

. Compressor

EO1
2.283x106 Kcal/hr

c/w c/w
supply = 32°C return = 40°C

CVvO01l Refrigerant
Temp. = 45°C
Press. = 15.886 bar

Refrigerant
Temp. =-20°C
Press. = 2.439 bar



