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INSTRUCTION: Answer ALL questions.

-_ Please use the answer booklet provided.

A chemical process requires a secondary fluid at -20°C and at a power of 250kWV.

' By considering the possibility of air cooled condenser (temperature of condensation +42 °C)
and/or on a plate type condenser supplied by an open cooling tower with return water
temperature +26 °C (thus condensation at +35 °C).

* From the attached data:

Solution 1: Three (3) screw-semi hermetic screw compressors of R507 at -25/+42 °C with
economizer (appendix 1 compressor data)

-
-2
~

Solution 2: Two (2) open standard screw compressors of NH3 at -25/+35 ° C (appendix 2

copressor data)

Solution 3: Two (2) open reciprocating compressors of R507 at -25/+35 ° C (appendix 3

compressor data)

e \>

Solution 4: Two (2) open screw compressors of NH3 at -25/+42 ° C with economizer

(appendix 4 compressor data)

and by considering an operating time of 5000h per annum at 100% of loads, a cost of kWh
electricity of RM 0.328/ kWh and a cost of city water make up at the cooling tower of RM
0.85/ m®.

PART A

Question 1
Calculate the costs of energy of compression and city water consumption for the various

solutions.

(4 marks)
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Quesii?n 2

What other points can influence the choice for one of the 4 solutions by considering that the
evaporator is of the type flooded plates.
(3 marks)

Question 3

‘Draw the general diagram of solution 4 with 2 compressors, each one having an oil

separatar and an il cooler,

(3 marks)

PART B

A chbicq will be made on solution 3.

Two (‘2)“piston compressors, each one with an oil separator having oil a capacity of
120 PPM and using polyolester oils for which one will have defined a limit of
miscibility of 2%.

Question 4

o »

Draw a detailed schematic diagram of the installation except manometers and safety devices

(2 marks).
Question 5
Calculate all the mass flow.rates, volume flow rates and diameters of the pipes
(4 marks)
Question 6
Calculate the volume flow rate and the capacity of the oil rectifier
. (2 marks)
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. PART C

Question 7

Sketch the schematic with the oil return and oil balancing of the compressors by using
solution 1.

(2 marks)

END OF QUESTION

Appendix 1: S'emf' hermetic screw of R507 at -25/+42 ° C with ECO
« “Appendix 2 open standard screw of NH3 -25/+35 ° C.

Appendix 3 Open Pistons of R507 at -25/+35° C
- Appendix 4 open Screw NH3 at -25/+42 ° C with ECO

IS ~
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Appendix 1
. COMPRESSOR: hss3120/3.5 Economised
"~ _Fiche compresseur 1___

————————— min <
DUTY 4

MOTOR INFUT POWER

COoP (based. on Motor Input Power)
DUTY

Part load setting 25,0 <
Suction y Gauge -42.5<
Delivery Gauge 4,65<

Lig subcooling(rel.to del.gauge)

Total suction vapour superheat

Useful suction vapour superheat
Superheat at economiser port

Liquid cooled in HX/Flash ves.to within
Compressor speed:supply freq

Suction Pressure 1.24c<
. Delivery Pressure 7.25<
Pressure Ratio 3.5«
Aprx.Optimum.Effic.PrRat 6.25<

Pressure Difference
Absorbed Power at this speed
Type of cooling used
Temperature of injected oil
0il dinjection rate
Compressor cooling/Oilcooler duty
Discharge temperature (approx)
Volumetric efficiechcy

Isentropic efficiency”

Liquid enthalpy ex-receiver
Vapour enthalpy ex-evaporator
Vapour enthalpy at suction

Vapour enthalpy at_ discharge

Mass flow rate at machine suction
Suction vapour specific volume
Discharge vapour specific volume
Mass flowrate at machine discharge
Approximate condenser load

Type of machine

Zconomiser gauge

Zconomiser mass flow rate
sconomiser liquid subcooling load
Economiser subcooled liqg.Enthalpy
Economiger vapour outlet Enthalpy

- »

0.043%<«

(External cooling)

actual <

100.
-25.

-9
cocouUVTuUIN

Ul .
OO0 OO OCCODQOON

N
o)}
N
n

19. e
7 :B3<
7 .53«
17.1«
49 .8«

External

40.0 <
1.72
31.3
54.3<

D.8272
0.5384
253.0
349.0
354.0
396.0
0.65
0.075
0.01
0.98
140.0

Economised

-1.83
0.33
36.0

198.0

362.0

wmax ---

nNnAanQQoe
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REFRIG: R507

units ---warning

TonsRefr.

of economiser gaug

100.0

hz
bar abs
bar abs

bar
kW

&
m3/h
kw

(4

kJ/kg
kJ/kg
kJ/kg
kd/kg
kg/s

m3/kg
m3/kg

. kg/s

kW

C
kg/s
kW
kJ/kg
kJ/kg

. THESE COMMENTS RELATED TO YOUR MACHINE SELECTION SHOULD BE READ CAREFULLY

DANGER

INVALID SELECTION

One or more of the operating ranges for this machine are violated !
output values are probably very OPTIMISTIC
111! Do NOT run the machine at these conditions

il

SEMI HERMETIC Hallscrew the quoted POWER is electrical motor input power

! DANGER ! Delivery superheat is less than

geparator performance may be suspect.

20.0

6

; 0il

. Take action to increase suction and
hence delivery superheat (consider fitting a Suction/Liquid Heat Exchanger).

FRB40103 TECHNOLOGY OF INDUSTRIAL REFRIGERATION
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X _ Fiche compresseur 2 Date:- 26-02-03
HOWDEN XRV COMPRESSOR SELECTION . i
Program Ref. 0101/0058
For 125 KWR on NH3 at 2950 rpm
Compressor XRV 127R4-16542
\
_____________________________________________ L omm e mesemsemsemiseiimsemionn, 55 ourfeies i it i i
INPUT DATA
Evap.temp -25 deg.C Suct.temp -20 deg.C Useful s'ht 0 deg.C
Evap.press 1.517 bar.a Suct.press 1.517 bar.a Suct.logs 0 bar
Cond.temp 35 deg.C Sgbcoollng 5 deg.C
Cond.press 13.5 bar.a Disch.press 13.5 bar.a Disch.loss 0 bar
FULL LOAD
" Evap.Cap. (kWR) 143.1 Cond.Cap. (kWR) 172.4
Abs.Power (kW) 68.73 Abs.Torque (Nm) 222.4
Suct.Mass Flow (kg/h) 473.4 Total 0il Flow (1/s) .66
Est.Pt.Load Power (kW) 63.92 Injection 0il Flow (1/s) .25
0il Temp (deg.C) . 55 Disch.Temp. (deg.C) 92.67
0il Cooler (kW) 41
. MINIMUM LOAD
. 0il Temp (deg.C) 55 Disch.Temp. (deg.C) 91
. 0il Cooler (KW) 39 Total 0Oil Flow (1/s) .66
- QIL PUMP -------~-- If the pull-down time from pre-start pressure conditions
to a gas differential pressure of 4 bar across the
.S compressor may exceed 2 mins then a start-up oil pump will
- be required. This pump should have a min. flow of 0.5 1/s

when producing an oil pressure at the compressor 2 bar
above the compressor discharge pressure.

See XRV Manual for recommendations on oil circuits and the
use of oil pumps, (start-up or continuous).

~ |OT® INJECTION ----- A throttle valve should be installed in the oil INJECTION
line (NOT the bearing feed) for oil flow rate adjustment
to 'get the discharge temperatures shown above.

DRIVER ---w-momoomo Driver power should be at least 10% above full load power.

FOLERANCE --------~ Full load power and capacity have a tolerance of +/- 5%
Part load powers are not guaranteed.

JPDATES ----=------- Selections made after update notification may be invalid.
Non-registered users of this program cannot be notified of
updates or modifications so selections by non-registered
users will be considered invalid and will not be supported.

FRB40103 TECHNOLOGY OF INDUSTRIAL REFRIGERATION



CONFIDENTIAL

s July 2010

Appendix 3
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Appendix 4

Evap.temp -25 deg.C

Evap.press 1.517 bar.a

Cond.temp 42 deg.C

Cond.press 16.43 bar.a

SF loss 0 bar

Evap.Cap. (kWR)
Abs .Power (kW)
Suct.Massg Flow
Est .Pt.Load Power
0il Temp (de§.C)
0il Cooler (kw)

SF Mass Flow (kg/h)

(deg.C)
(kW)

0il Temp
0il Cooler

OIL INJECTION

DRIVER

TOLERANCE

UPDATES

(kg/h)

CONFIDENTIAL

Fiche compresseur 4
Date:~ 26-02-03

HOWDEN XRV COMPRESSOR SELECTION
Program Ref. 0101/0058
For 125 kKWR on NH3 at 2950 rpm
Compressor XRV 127R3-16550

With Open Flash Superfeed (SF)

INPUT DATA
Suct.temp -20 deg.C Useful s'ht 0 deg.C
Suct.press 1.517 bar.a Suct.loss 0 bar
Subcooling 5 deg.C
Disch.press 16.43 bar.a Disch.loss 0 bar
SF s'ht 5 deg.C
FULL LOAD
E 130.2 cond.Cap. (kWR) 155.8
66.63 Abs.Torque (Nm) 215.6
357.3 Total 0il Flow (1/s) 71
(kW) 64.63 Injection 0il Flow (1/s) 27
55 Disch.Temp. (deg.C) 91.17
42
87.13001 SF Port Press (bar.a) 2.096
MINIMUM LOAD
55 Disch.Temp. (deg.C) 88
39 Total 0il Flow (1/s) 71

If the pull-down time from pre-start pressure conditions
to a gas differential pressure of 4 bar across the
compressor may exceed 2 mins then a start-up oil pump will
be required. This pump should have a min. flow of 0.5 1/s
when producing an oil pressure at the compressor 2 bar
above the compressor discharge pressure.

See XRV Manual for recommendations on oil circuits and the
use of oil pumps, (start-up or continuous).

A throttle valve should be installed in the oil INJECTION
line (NOT the bearing feed) for oil flow rate adjustment
to get the discharge temperatures shown above.

Driver power should be at least 10% above full load power.
Full load power and capacity have a tolerance of +/- 5%
Part load powers are not guaranteed.

Selections made after update notification may be invalid.
Non-registered users of this program cannot be notified of
updates or modifications so selections by non-registered
users will be considered invalid and will not be supported

FRB40103 TECHNOLOGY OF INDUSTRIAL REFRIGERATION
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Saturated Table for R507

CONFIDENTIAL

Saturated Liguid Saturated Vapour
T(C) |P (bar) | h(kdikg) ['s (kg K)|v (@mikg)[P_(ban) | h (k/kg) | s (kg K) | v (dm’/kg)

-45 1.074] 138.26 | 758.61 0.7555 1.074 33710 | 16257 167.36
-40 1.366] 146.14 | 788.35 | 0.7657 1.356 340.04 1620.0 134.30
-35 1691] 15297 | 817.20 | 0.7761 1.691 342.95 1614.9 108.90
30 « 2.086] 159.75 | 84524 | 0.7869 2.086 345.82 1610.5 83.15
-25 2.548] 166.48 | 87252 | 0.7981 2.548 348.64 1606.6 73.60
-20 3.084] 173.18 | 899.11 0.8097 3.084 351.42 1603.1 61.24
-15 3.701] 179.88 | 925.08 | 0.8216 3.701 354.14 1600.1 51.30
-10 4.406] 186.57 | 950.50 | 0.8343 4.406 356.80 1597 .4 43.24
-5 5209] 193.27 | 97546 | 0.B475 5.209 359.39 1595.0 36.64
0 6.117] 200.00 | 1000.00 | 0.8613 65.117 361.89 1692.7 31.20
5 7.140] 20678 | 1024.32 | 0.8760 7.140 364.30 1590.6 26.68
10|, B.286] 213.65 | 1048.42 | 0.68915 8.286 366.61 1588.6 22.89
15 9.4567] 22062 | 1072.41 | D.9081 9.567 368.78 1586.6 19.69
20] © 10992 22773 | 1096.43 | 0.9261 10.992 370.81 1584.5 16.98
251 12.572] 23502 | 112058 | 09457 | 12572 372.65 1582.2 14.65
30 14.320] 24253 | 114498 | 0.9674 | 14.320 374.28 1579.6 12.65
35| 16.247| 25031 | 1169.83 | 0.9916 | 16.247 375.64 1576.5 10.92
0] 18.367] 258.43 | 119526 | 1.0193 | 18.367 376.66 1672.8 9.41

451~ 20694] 266.97 | 122153 | 1.0518 | 20.694 377.25 1568.2 8.07

50| 23244] 27603 | 124854 | 1.0911 23.244 377.29 1562.3 6.89

Eh]  26.034] 28579 | 1277.94 | 1.1411 26.034 376.54 1554 .5 582

60] 2b.082| 29653 | 1309.31 | 1.2098 | 23.082 374.70 1543.9 4.85

N\
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