CENTRIFUGAL COMPRESSOR 1
MANUAL

. MANUAL PURPOSE

To be used for selection, application info the system, power and cooling water estimation. This
manual does not for designing centrifugal compressor and those parts.

IIl.  MAIN COMPONENTS OF IN-LINE CENTRIFUGAL COMPRESSOR

Following figure (Fig.1) shows components of in-line centrifugal compressor.
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Fig.1. Typical horizontal split centrifugal compressor
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Fig. 2. Typical vertically split centrifugal compressor
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Main components of centrifugal compressor are Casing, Shaft, Impellers, Bearings, Diaphragms

and Seals.

SYMBOLS AND UNIT

Designation

Pressure
Temperature
Absolute Temperature

Capacity (volume flow)
Power

Brake horse power

Gas horse power
Speed

Head (polytropic)

Gas Constant
Molecular Mass

Mole

Density

Specific Gravity
Specific volume
Specific Heat

Mass Flowrate
Adiabatic Exponent
Polytropic Exponent
Compressibility Factor
Efficiency

Gravity

Heat Capacity
Enthalpy

Enthalpy different
Entropy

Impeller Diameter

Tip speed (fangential)
Number of impeller
Mach Number

Flow Coefficient
Head Coefficient
Mechanical power loss

Subscript

cr Critical

red Reduced

S Suction

d Discharge

g Gas (Horse Power)

STG Stage or 1 casing
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Pml

1, 2 etc.

[, Il etc.

Unit

bar A

C

K

m3 / hr

kW

kW

kW

RPM

m

kJ/kg.K

I<g/kgmole (=|b/lbmole)
kgmole ( kgmole/h or kmol/h )
kg/m3

m3/kg
kJ/kg.K
kg /hr

m/s2 (9.81)
kJ/kgmole
kJ/kg

kJ/kg
kJ/kg.K

mm

m/s

kW

Partial for gas, per impeller for impeller
Polytropic

Position

Stage or step

Normal condition (0 C, 1.013 bar A )
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lll.  UNIT CONVERSION

Designation Unit to be converted Factor Unit to be used
Length ft 304.8 mm
inch 25.4 mm
Pressure psi 0.06897 bar
kg/cm?Z (at.) 0.981 bar
atm. 1.013 bar
Pa (Pascal) 10 bar
Temperature F (Fahrenheit) (t-32) x (5/9) C
K (Kelvin) T-273 C
R (Rankin) (5/9) K
Velocity ft/s 0.3048 m/s
ft/min (fom) 0.00508 m/s
Volume flow GPM (US) 0.227 m3/hr
Cfm 1.699 m3/hr
Mass lom 0.4536 kg
Power HP 0.7457 kW
Head ft 0.3048 m
Enthalpy kcal/kg 4.1868 kJ/kg
BTU/Ibm 2.326 kJ/kg
Gas constant kcal/kg.K 4,1868 kJ/kg.K
Specific heat BTU/Iom.R 4.1868 kJ/kg.K
& Entropy
Specific mass  lbm/ft3 16.0185 kg/m3
or density
Specific volume 3 /lbm 0.06243 m3/kg
Viscosity N.s/m2 1000 cP
lof.s/ft2 47880.3 cP

Note : American Standard State at 1.013 bar A and 15.5 C. In volume common written as SCF.
Normal condition at 1.0132 bar A and 0 C. In volume common written as Nm3
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IV. OPERATING RANGE OF CENTRIFUGAL COMPRESSOR
Fig.3 presents operating range of Centrifugal Compressor based on suction flow and discharge
pressure and fig. 4 presents operating range of centrifugal compressor compare with other type
of compressor based on suction volume flow and speed.
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Fig. 3. Operating range of centrifugal compressor
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Fig. 4. Operating range of centrifugal compressor compare with other type of compressors
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GAS COMPRESSION

Gases to be handled by compressor are both single component (pure gas) and mixed gas. This
manual also describes physical properties of mixed gas.

In the next equations and calculations, gas is assumed as ideal gas but then corrected by
correction factors and so ever is assumed equal to actual physical properties of the gas. By
any reason, for some cases, compressed gas is also assumed as non ideal gas.

Compression process of gas in centrifugal compressor describes with Fig. 5.
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Fig. 5. Compression process of gas in centrifugal compressor

Gas compression process is presented in enthalpy versus entropy chart. Gas enter compressor
through suction nozzle (1) at ps = pl measured as fotal pressure and become p2 as static
pressure in isenfropic process. Gas goes to 1'st impeller eye (3) with little losses and then
compressed to condition (4) and then in diffuser (6). Gas flows through vane (redirected) until
condition (7) then come into 2'nd impeller eye (?). Next compression is in 2'nd impeller through
condifion (10) until (13). Gas goes out through discharge nozzle at condition (14) or at p2=pd.
To determine adiabatic and polytropic efficiency, use the following chart and equations.
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Generalized process in T ve enfropy chart

pd 1-B : sentropic process
D 1 1-14 : Palytropic process
T e R
C Adigbatic ethiciency =
ABCD greq divided by BC-T4-E areq
1 -H"'"Fps 1 e n
Folyfropic efficiency =
ABC-14-1 area divided by BC-14-E areq
B F E
s, ety

VI. INTERCOOLER

After compression, gas temperature will rise up but it is limited before entering to the next
compression. Temperature limitation is depending tfo what sealing material to be used and gas
properties. To decrease temperature before entering to the next compression, compressor
needs intercooler.

Gas Temperature limitation (C)
General gas 250 for labyrinth seal
180 for ail film seal or mechanical seal
Ammonia 160
Hydrocarbon 120
Freon 120
Chlorine 110
Acetylene 60

VIl. AFTERCOOLER

Aftercooler is used when discharge gas temperature leaving compressor shall be decreased
before entering to other equipment or system.

VIIl. ANTISURGE CONTROL

Antisurge control shall be installed to centrifugal compressor because at low flow, compressor
will surge. Antisurge control is instruments to detect pressure and flow at where compressor will
surge. Anfisurge conftrol is completed with control valve to by pass discharge gas back to
suction or vented to atmosphere. See Fig. 6.



CENTRIFUGAL COMPRESSOR 7
MANUAL

atmosphers
.

ANTISURGE Xa
SUCTION il
P — of
ta | 5] I DISCHARGE
{]H I -
or
AFTERCOOLER
“'“'-u___‘_\_\_\_\_\_\- - P
st Z'nd o
stage i sfage J oy
L—" _'__,—'—'_'_'_'_
INTERSTAGE &
Prl COOLER et
a7 Tz
Sy Oy
G

Fig. 6. Typical antisurge control for centrifugal compressor
EQUATIONS

This manual uses the following simple equations. All symbols and unit are according to symbols
and units described in chapfter .

Brake horse power
BHP = GHP + Pml (kW) (1)
Where Pml : Mechanical Losses

Pml = Pml at bearing + Pml at seal = Pmlb + Pmis (kW) (2)

Pmlb =R (0.001 N)2  (kW), 2journal brg. + 1 thrust brg

Pmls =Rg (0.001 N)2 (kW), 2 OilSeal type

Pmls =0.001 .Rp . N (kW), 2 Mechanical Contact Seal

RL. Rg and Rp are factor depending to suction flow

Suction flow (m3/ hr) RL Rs RD
2500 0.13 0.07 0.54
10,000 0.45 0.24 1.1
50,000 2.9 1.55 3.2

300,000 10 5.4 6.5
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Flow losses through labyrinth seal is between 1 s/d 5 %. Smaller compressor has bigger flow loss
percentage.

Gas horse power

-6
GHP = G.H.g.lO (kW) (3)
3.6(EFp)

Where G is mass flow = DSs.Qs (kg/h). DSs is density (kg/m3). Qs is vol. flow (m3/hr) (4)
See Appendix B for polytropic efficiency (EFp)
For perfect gas, suction volume flow is

Ts.On Td.On

Q= —=  and Qd= ——=—  (m3/hr) (5)
269.69( ps) 269.69(pd)
Where Qn is volume flow at normal condition (0 C and 1.013 bar A)
pss= 100Ps) g 013 g2 DSSTSpd 5y (6)
Rs.Ts 273(R) Td
Hydrodynamic head
1000(Zs)(R)(Ts) . n d
L AR ”
n—1 " ps

Where (pd/ps) is compression rafio. Pd and ps are in absolute pressure (bar A) and

n k
=— (EF] 8
i1 k1P (8)

R =Ro /MW (kJ/kg.K)
Ro=28.314 (kJ/kgmole.K)

See Appendix A for R, MW, k and Z.

Polytropic head

H
= — m 9
M 7

Discharge Temperature

n—1
ra=1s.(2H (10)

ps
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If discharge temperature is limited at Tdmax, then maximum pressure ratio become

d Td max (%)
(];_S)MAX =( T )" (11)

Equations related to impeller geometry
Impeller tip speed,

60,000
Impeller tip Mach number ratio,
Mau =U / a, where a = (1000.k.Z.R.T)0:5

Flow coefficient,

CO = M in the range 0.01 up to 0.15 see Appendix B (13)
(UXD7)

Head coefficient,

Yo 19.62(2Hp) (14)
U

Y values in the range 0.80 up to 1.1 for impeller with "backward leaning blades"
1.30up to 1.45 - py - "90 degree exit blades "

PERFORMANCE CURVE

In general, centrifugal performance curve presented in head or discharge pressure against
suction flow, see Fig. 7.

Surge Limit

Head or dlacharge presaure

\ Timp speed
. Rated speed
liseminreiall igrcnes]
Suction Sow

Fig. 7. Typical performance curve of centrifugal compressor
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APPENDIX A. GAS PROPERTIES

A.1. SINGLE GAS

The following table presents single gas properties. There are MW (molecular weight), k
(adiabatic exponent), pcr (critical pressure ), Tcr (critical temperature) and MCp (=MW x Cp).

Table 1. Pure Gas Properties

(Gas or Vapar Hydrocar -| Chemical MWW k at Critical condition MCp (kkgmol°K)
Name bon Refer.| formula | kgkgmon| 155°C Der Ter at at at
Symbals (harA) | (*K) 0°c | 100°c | 197°%¢C
Acetylens C;= C.H, 26.04 124 624 3094 42 16 4816 5317
Air (dry) MNy+0y 28.97 14 3T 132.8 2905 20.32 -
Ammonia NH; 17.03 131 112.8 4061 34 65 37.83 -
Argon Ar 3994 1.66 486 151.1 2079 2079 2079
Benzene CeHs 78.11 112 482 EG28 7418 103 52 -
Iso-Butane iCy CyHig RB.12 1.1 36.5 408.3 £89.75 116.89 | 141.88
n-Butane nc, CyHiq RB.12 1.09 38 4256 §93.03 1M7.92 | 141.04
Iso-Butylene iC, _ C,H; 56.1 11 40 4183 83.36 10486 | 12487
Butylens nc, _ CiHs 56.1 1.1 402 420 334 105.06 -
Carbon Dioxide Co, 44 01 13 74 304 4 36.04 40.08 437
Carbon Monaxide co 28.01 14 352 1344 281 2831 2963
Chloring Cl, 70.91 1.36 7r.2 aM7.2 3529 35.53 359
Coke Oven Gas - 10.71 1.35 281 1004 31.895 cr el | -
n-Decane nCyg CigHz 142.28 1.03 221 619.4 218.35 280.41 -
Ethane C; C.Hs 30.07 1.148 488 3066 45 49 62.14 7437
Ethyl Alcohol C.H:OH [ 45.07 1.13 63.9 5167 £69.92 81.97 -
Ethyl chlaride C;H,Cl 64 52 118 27 4606 559 61 7016 -
Ethylens Cy_ CiHs 28.05 1.24 5.2 2833 409 51.11 60.55
Flue Gas " - 30 1.38 388 1467 3017 3098 -
Helium He 4 1.66 23 5 2079 20.79 2078
n-Heptane nC+ CiHis 100.2 1.05 274 5406 161.2 20274 2398
n-Hexane nCe CeHya 8617 1.06 303 5083 138.08 17427 | 206.88
Hydragen Ha 202 1.41 13 333 28.67 20.03 2925
Hydrogen Sulfide H,3 34.08 1.32 a0 3730 337 35.07 36.88
Methane C, CH, 16.04 131 46 4 191.1 345 4013 44 /4
Methyl Alcohol CH,CH 32.04 1.2 798 5133 42 67 55.32 -
Methyl Chloride CH,CI R0.45 12 667 4167 456 4982 -
Matural Gas " - 18.82 127 485 2106 34 66 30.54 -
Nitrogen M2 28.02 14 339 126.7 281 2031 29.46
n-Monaneg nCg CoHog 128.25 1.04 238 5061 197.07 2531 -
Iso-Pentane iCe CeHiz 7215 1.08 333 451.1 112.02 145.56 -
n-Pentane nCs CzHiz 7215 1.07 337 470.6 115.21 14584 | 173.96
Pantylene Cs _ C:Hyg 7013 1.08 404 474 4 102.11 13037 -
n-Octane nCe CeHys 114.22 1.05 25 5609.4 176.17 22617 -
Oxygen (7% 32 14 503 154 4 2917 2092 3078
Propane Cs CiHz 44 09 113 425 370 6334 BB.6G8 107.71
Fropylene Ca.. CsHs 42.08 1.15 48.1 3656 G60.16 75T 90.54
Blast Furnace Gas " - 296 1.39 - - 29.97 30.64 -
Cat Cracker Gas " - 2883 12 46 5 2861 4616 57.31 -
Sulphur Dioxide 30, 64 .06 124 787 4306 33.05 40 457
Water Vapor H-O 18.02 1.33 221.2 647.8 33N 34.07 349
MNote | For MCp, use linier interpolation to determing MCp at other temperature.
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Gas constant (R), specific heat (Cp) and k
8.314

Gas constantR = —— (A1)
Mw
Specific heat Cp = kR;kl (A.2)

Value of kis constant for dry gas, see table above.
Compressibility factor ()
Z determined by gas compressibility chart using reduction temperature (Tred) and pressure

(pred) as the variables. Tred = T/Tcr and pred = p/pcr. See following Fig. 8.

Density of gas,

3
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Fig. 8. Gas compressibility chart for pred < 1

Fig. 8 presents Z factor for pred = 1 and lower. For pred higher than 1 see Fig. 9.
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Fig. 9. Gas compressibility chart for pred higher than 1.

A.2. MIXED GAS

Gas constant (R), specific heat (Cp) and k of mixed gas

Subscript (i) indicates partial of pure gas.

MW = i{0.0l(%Mi)(MWi)} (A.4)

Where %Mi is partial mole of each individual gas in %

% Mi = M (A.5)
> MMi
Where MMi is molal mass of each gas in kgmole or mols
Mmi = Mg (A.6)
MWi

Where Mgi is mass of each gas in kg
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- D" 0.01(MCpi)(%Mi)
> 0.01(MCpi)(%Mi)-8.314

(A7)

Gas constant R = &
MW

R.
Specific heat Cp = k_kl

Compressibility factor (Z)

pcr= Y 0.01(%Mi)(pcri) (A.8)

Ter= " 0.01(%Mi)(Teri) (A.9)

Z factor determined using Fig. 8 and 9 at above pcr and Tcr of mixed gas.

Density of mixed gas,

_ 100(p)
RT

DS (A.10)

A.3. WET GAS
Gas shall be dry in centrifugal compressor to prevent internal parts and impeller from erosion

due to liquid particles. Gas condition shall be kept at little far from wet condition. Following
table presents vapor pressure for some gases.

Disror =AXT® barA, andTat K

Gas hame A B Gas name A B
Ethylens 1.64E-15 [ 6.739 Carbon Dioxide 4 95E-15 | 8141
Ethane 1.02E-16 | 7137 HCI 4 ZRE-19 | 8117
Fropane 6.36E-19 | 7.702 H.S 129E-18 | 7.716
lsohutans 2A2E-23 | 9324 MH; 123E-23 0.5
n-Butane JI59E-25 | G984 Cly 6.73E-22 586
n-Pentane 6.68E-30 | 11.6847 205 4 53E-27 | 10816
n-Hexane 3 T2E-35| 13568 Water 671E-28 | 10578
n-Heptane 403E-31 | 11.794 (diatas 1 bar A)
n-Octane 5. B5E-35 | 13.14%9
n-Decane 9. 13E-42 [ 15533

A.4. WET AIR

Following steps describes how to determine properties of wet air.

1. Relative humidity RH in %
2. Dry bulb temperature tdb in C and then Tdb =273 + tdb in K
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Atmospheric pressure patm at bar A
From psychometric chart, determine wet bulb temperature twb and Twb = 273 + twb

Partial pressure of H20
Partial pressure of dry air

pw =0.01 (%RH)(pQ)
pa = patm - pg

14

3
4,
5. From H20 saturated pressure table, determine saturated pressure at twb, pg
6
7
8

. Mole fraction
9. Mole fraction

of dry air
of H20

10. Molal mass of wet air
11. MCp of wet air

12. Gas constant
13. k
14. Density

Table 2. Saturated pressure of H20

Xa =pa/patm
Xw = pw / patm
MW = (MWdry air) (Xa) + (MWh20o ) (Xw)
MCp = (MCp dry air)(Xa) + (MCp H20) (Xw)
R=8.314/ MW
k=MCp / (MCp-8.314)
DS = 100.patm / (R.Tdb)

Temperature [T} 15 20 25 i 35 40 45 50
Sot.press. (barA) 0.04704 | 0.02337 | 0.03166 | D.04241 | 0.05622 | 0.07375 | 00958 0.1233
Temperoture [T} Bh 60 g5 70 75 a0 g0 100
Sotpress. (bard) 01574 | 0148992 | 02501 | 03116 | 03855 | 04736 | 0.7011 1.0133

From % RH and tdb determine twb from following typical psychometric chart

Simplified psychrometric chart at 1 atm total pressure

= ' ! ! ! g ST
U I AU, . T T -
POICRITE. MU NN o L R 20
B S R R R R R I e e R e e e e e e ........... 15
1[] astrenconconcon i . .............................................................. 1[]
humicity
: 10%
5 Bt Tl T B T T et T 5
——— 0707 08{->~——083 085
D 1 1 1 [} 1 1 ! 1 1 U
0 5 W 15 20 25 =30 35 40 45 &0

Ory bulb temperature "C
Fig. 10. Psychometric chart for air at 1 atm.

Specific humidity ( grams moisture / kilogram dry air )
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APPENDIX B. EFFICIENCY OF CENTRIFUGAL COMPRESSORS

A lot of parameter shall be considered in determining centrifugal compressor efficiency such as
operating condition (flow, pressure, speed), impeller geometry and gas properties. In general,
compressor manufacturer will offer compressor with efficiency as best as available after receiving
user’s specification. For preliminary estimation, use Fig. 11. In horizontal axis present actual flow
which is not at standard condition or not at normal condition. Actual flow means suction flow.

0.80
| e

075

Efficiency

070

065 Actual Flow {m®/ hr)
100 2 3 4 5 B 7 1000 2 3 4 5 67 10,000 2 3 4 5 &7 100,000 2 3 4

Fig. 11. Efficiency of centrifugal compressor for preliminary estimation.

1. Impeller geometry and their characteristics

Following figure is simplified figure of impeller in relation with their performances. tip speed (U)
and exit angle. Tip speed is limited due to material strength and sound velocity in compressed

gas.
 eweed
| |
Shrouded Impeller
\ Radial inlet
Ealt angle Exit angle cbout 45 - 45 degree
Typical stage efficiency about 78 %
~ Max. polyfropic head approx. 50 kl/kg
. Typical surge point 45 %
L Relative mazx. flow coefficient 100%

Shrouded Impeller

Diagonal inlet

Exit angle about 50 degree

Typical stage efficiency about 83 %
tax. polytropic head approx. 55 kl/kg
Typical surge point 50 %

Relative max. flow coefficient 150%
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Unshrouded Impeller

Axial inlet

Bat angle about 40 degres

Typical stoge sfficiency about 81 %
Max. polytropic head approx. 85 klfkg
Typical surge point 70 %

Relative max. flow coefficient 150%

] Unshrouded Impeller
Axial inlet
Exit angle about 70 degree
Typical stage efficiency about 77 %
Max. polytropic heod approx. 105 kl/kg
Typical surge point 75 %
Relotive max. flow coefficient 200%

Fig. 12. Impeller geometry and their characteristic.
Shrouded impeller is equal with enclosed impeller where there is disc in the front integral with

vanes or blades (casting, welded or riveted) .

Backward curve impeller is when exit angle smaller than 90 degree and radial curve impeller
is when exit angle is equal to 90 degree.

To convert head from J/kg to m, divide J/kg unit by g (gravity in m/s2). Example 55 kJ/kg =
55,000 J/kg = 55,000/9.81 = 5606.5 m

Tip speed is limited due to material strength and sound velocity in compressed gas.

There is criteria fo determine tip speed such as the following table

MW Average tip speed (m/s)
Below 35 310
Below 45 250
Below 65 200
Below 120 150

Even MW below 35 but gas contain corrosive matter or will be operated at low temperature
below -50 C, maximum tip speed is 250 m/s.

Maximum tip speed shall not higher than sound velocity. For approaching, using Umax = 0.9 x
a, where ais sound velocity = (1000 x k x Tx Z x R)%-> or = (8314 x k x Tx Z /MW)0-5 . U= 3.14 x D x
N /60,000, or D = 60,000 x U / (3.14 x N) or D = 60,000 X 0.9 x (8314 xk x Tx Z /MW)05 / (3.14 x N)
or D = 1568000 x (kxTxZ/MW)05/ N. And “0.9" is factor for incorrect approaching for all
assumption and calculation related to sound velocity and tip speed. This equation can be
plot at several (kxTXZ/MW)05 , see Fig. 13 blue dot line. D and N pair under blue dot line is
accepted because tip speed is lower than 0.9 time sound velocity.
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Fig. 13. Impeller performance in head

Example : Air at 30 C (303 K) and 1.013 bar A to be compressed 6 barA. Suction flow 2000 m3
/hr. From table 1, k =1.4, pcr = 37.7 bar A, Tcr =132.8 K, MW =28.97. Determine pred = 1.013/37.7
= 0.027 and Tred = 303/132.8 = 2.28. From Fig. 8, Z near = 1. Ratio value of (k.T.Z/MW)05 = 3.38.
From Fig. 13, this line is near head per stage 4000 m line. At this line, if N=10,000 RPM can be
determined diameter of 550 m and maximum tip speed U become = 3.14.D.N/60,000 = 3.14 x
550 x 10,000 / 60 ,000= 287 m/s.

2. Contribution of impeller geometry, speed and diameter for efficiency

Comepressor size is designed according to suction flow of gas. Compressor size is includes
impeller diameter, impeller width and number of impeller. Manufacturer usually indicates
impeller diameter in each compressor model. The following Fig. 14 presents nominal size
indicated by average impeller diameter. From suction flow can be seen approximately the
nominal size and also speed in RPM.

Example : Continued from above example. At suction flow = 2000 m3 /hr, draw vertical line until
cross the range of each nominal size, provide nominal size 300 mm with impeller geometry “C".
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Cross point between flow and maximum tip speed 287 m/s is at maximum about 20,000 RPM. In
C impeller geometry, at flow 2000 m3 /hr speed in the range of 11,000 up to 20,000 RPM or tip
speed from 200 up to 287 m/s.

100,000

50,000

e : 300 mm

s

10,000

Single Shaft Centrifugal Compressaor

1000 U :Tip speed =3.14 D.N ! 60,000 m's where D in mm and M in RPM
May : Ratio U/ Mach ne., May = Uia where a = (1000 kZ.RT)™*
CQ : Flow coefficient = 352.68 x Qs / (D? U )

SPEED (RPM)

1.0 A Ca large 01 upto 015

0.8 | '; ﬁﬂ
300 ]

200 0.8 by a B CQ medium: 0.05 upto 0.1

May,

02

2 3 4 5 8§87 8 8 10 C CG small : 0.041 up to 0.05

Max. no. of impeller in one casing. lyax

100

I I
L L] [ [ ] | |
100 2 3 4 5 87 1000 2 2 4 5 &7 10,000 2 3 4 & 8
ACTUAL SUCTIONFLOW  (m®/ hr)

T
I
7

100,000 2 3 4

w

Fig. 13. Impeller performance in capacity

From rectangular bloc at the bottom of chart, geometry C impeller has flow coefficient CQ
small =0.01 up to 0.05.

Number of impeller in one casing is limited. Maximum number of impeller can be estimated
from Fig. 13 as function of Mau and impeller geometry.

Example, continued from above example. If geometry C and nominal size 300 mm is selected,
approximate diameter is 300 mm. And if tip speed is selected at 280 m/s, then Mau become =
280 / (1000.k.R.T)0-5 =280 /{1000 x 1.4 x (8.314/28.97) x 303}°-5 = 0.8. From Fig. 13 maximum
number of impeller Imax = 10.

Number of impeller will decrease if there are additional nozzle is installed such as for inter
cooler, admission or extraction. Each 1 nozzle will reduce 1 impeller.

Instead of preliminary efficiency that determined from Fig. 11, efficiency of compressor can also
be determined after preliminary diameter and fip speed is selected. Fig. 14 shows efficiency as
function of head coefficient and flow coefficient.

Example, continued from above example. D = 300 mm, U = 280 m/s have been selected at
above example. N = 17,800 RPM. Assumed impeller is backward 2 dimension shrouded impeller.

Calculate flow coefficient CQ =353.68x Q / (Ux D 2) = 353.68 x 2,000 / (280 x 300 2) = 0.028
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Determine efficiency correction factor from Fig. 14. Co =0.915

DE3

1.0 [ 1 LT 3 dim. shrd.
= 7
B I Rl I
— N L b d /#‘.'- 2 dm. unshr
|- ) \ o S AL [T
- _‘_‘T_ ()’ e s L ; / __l/ L5 2 dim_ shrd
E 4 @ s [PV 3 dm. radia
_f Fi L"’ E _% é__f’ outhet
= / i = g @ |4 ?ﬁ /
2 "ll (] 73 1 F T
L {5 _— ] ’t’ 14
g @ T
— C; a‘ /
0.90 - 5 r
r'} 2 %
/ @ T 5
o 0.70 . - m & 1
E 2 215
z 2E ETg
0.85 o Ew = gE
P= o O =T —
_ ar o s | T | 1
oo B.02% oz pors Db DA3F 05 0.00 005 1.00 1.05 { for backward impl. )
Flow Coefficient (CQJ 1.35 1.40 [ for radial cutlet |

Head Coefficient ()
Fig. 14. Efficiency of centrifugal compressor

To determine head coefficient, preliminary efficiency shall be determine from Fig. 11, EFp=
0.695.

n/(n-1) = EFp. k/(k-1) = 0.695 x 1.4 /(1.4-1) = 2.432

assume maximum temperature tdmax = 200 C, TdTmax = 473 K

d Td max (-—)
pressure ratio max. at section 1 = (p—)MAX =(—) "t =
ps Ts

extract air to 1'st intercooler at pressure pdl =2.95x 1.013 = 2.99 barA

2.95

and then entering to next compression at 40 C, Ts2=313 K
by the same way and assumed pressure drop is neglected aross intercooler,

pressure ratio at section 2, pd2/ps2=6/2.99 =2

s
n

1000(Zs)(R)(T5)

d

H1 = 25 Sy 212,260 (m)
n—1 " ps

Hpl =H/EFp =12,260/0.695=17,600 m

Plot again N=15,000 and D=300 mm on Fig. 12. Cross point is at head per stage = 3250 m

Number of impeller at section 1, I-1=17,600/3,750 = 4.7 , take I-1 =5

Hp2 =10,600 m
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Number of impeller at section 2, I-2= 10,600/3,750 = 2.82 , take -2 =3
Total impeller = 5 + 3 =8 acceptable because Imax = 10 minus for nozzle 2 =8

From Fig. 14 with number of impeller = 8 and 2 dim. Shrouded impeller, uncorrected efficiency =
0.72. Corrected efficiency become

EFp =0.72x Co =0.72x0.915=0.66 or 66 % . This result is smaller than first assumption = 0.695 or
69.5%



CENTRIFUGAL COMPRESSOR 21

MANUAL

APPENDIX C. CALCULATION SHEET AND SYSTEM (AS ATTACHMENTS)

Typical calculation sheets as attachment 1 of this article are presented in excel file, named
“Cal_sheet_c_comp.xls” which is includes :

Pure gas properties

Mixed gas properties

Wet air properties

Power absorption and Cooling water required
a. Without considering detail of impeller
b. Considering detail of impeller

robd =

Typical system around centrifugal compressor as attachment 2 are presented in PDF file, named
“Sys_c_comp,pdf” which is includes :

1. Intercooler, aftercooler and anfisurge system
2. Lube oil system
3. Sealing system



