APPENDIX B

SHORTCUT CALCULATIONS AND
GRAPHICAL COMPRESSOR
SELECTION PROCEDURES

B.1 SELECTION GUIDE FOR ELLIOTT MULTISTAGE
CENTRIFUGAL COMPRESSORS*

Thermodynamics

Compressor perforrmance cannot
be accurately predicted without de-
tailed knowledge of the behavior

of the gas or gases involved.

Moliter diagrams, of course, are
readily available for most pure gases
at "conventional” pressures and
temperatures. However, in cryogenic
areas or at very high pressure, some
gases behave most peculiarly. Gas
properties in these areas heretofore
have been estimates arrived at
through rather empirical methods.

The same is true of mixtures of
gases, yet the preponderance of gas
compression problems involve gas
mixtures.

Through the knowledge and skill of
Efliott thermodynamicists, the be-
havior of & wide variety of gases—

in any conceivable mixturer—can

now be accurately computed, plotted
and offered to the process engineer.
This knowledge has been computer-
ized, and in minutes, made available as
an actual Mollier diagram.

The only input required to obtain a
plot of gas behavior is the identity
and proportion of the gases invoived
(if @ gas mix), and the limiting pres-
sure and temperature values.

*Reprinted from a 1994 Elliott Company sales bulletin. The reference information contained herein is provided
as an assist to developing your application. However, Elliott reserves the right to modify the design or construc-
tion of the equipment described and to furnish it, as altered, without further reference to the illustrations or infor-
mation contained herein.

A Practical Guide to Compressor Technology, Second Edition, By Heinz P. Bloch
Copyright © 2006 John Wiley & Sons, Inc.
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APPENDIX B

Performance calculations
and selection of Elliott
multistage compressors

{ntroduction

These are basic procedures that will
help you to caiculate compressor
performance and estimate the right
unit in your installation. The data
herein cover most applications;
unusual or special problems can be
referred to your Elliott
Representative.

Our computer, too, is ready and
willing to assist you. From world-
wide sales offices, we can access
the main computer at the factory
and thus eliminate many routine
and time-consuming calculations.
A good example of this would be
the selection of an optimum
compressor/driver arrangement,
which requires analysis of many
alternatives and especially so
when high power and multipte-
casing train setups are involved.

Anather time-saver worthy of
mention is the high degree of stan-
dardization of Eltiott compressor
frames, impellers, seals, bearings
and even mechanical-drive turbines.
Many of these components are
computerized to enable you to
evaluate various alternatives in a
minimum of time.

Calculation methods

The calculation procedures on the
following pages apply to "straight”
compression —the compression of a
certain gas from a given suction
pressure to a desired discharge
pressure.

The methods outlined are:

1. The "N" method (so named
because of the extensive use of the
polytropic exponent "n"}. it is used
a. when the fluid to be compressed
closely approximates a “perfect”
gas (air, nitrogen, oxygen,
hydrogen).

b. when a chart of the properties of
the gas or gas mixture is not
available.

2. The "Mollier" method which
involves use of a Mollier diagram
and is used whenever a plot of the
properties of the fluid being com-
pressed is available.

Note that the final computerized
selections use computerized data
bases of actual impeller performance
characteristics as well as sophisti-
cated real-gas equations of state.
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Thermodynamic equations

FanLaws

Fan laws have been developed to estimate perform-
ance of centrifugal compressors for operating con-
ditions other than design. These are approximate
calculations and as such, can be used to estimate
off-design parameters,

The fan laws are:

aN
2.H o N?
3.inrp o N?
4.AT o N?
5. HP or kW a N®
where Q = inlet volume flow
H = head
N = speed (r/min)
) = absolute pressure ratio (P2/P1)
AT = change in temperature

HP or kW = power

Flow Calculations
Compressor flow conditions are often expressed in
different forms, most common of which are:

1. Weight flow— Ib/min, tb/h (kg/min, kg/h)

2. SCFM—60°F, 14.7 psia and dry

3. number of mols/h
None of these flows can be used directly in calculat-
ing compressor performance. All must be con-
verted to ACFM—actual cubic feet per minute. This
is also commonly referred to as ICFM—inlet cubic
feet per minute.

These conversions are:
ACFM=wxv

ACFM =scFMx e x Tt x &
] Ts Zs

ACFM = no. of mois/ min X MW X v
w = weight flow —Ib/min (kg/min)
v = inlet specific volume —ft3/Ib (m3/kg)
Ps = standard pressure—usually 14.7 psi

{1.013 bar) absolute

Py = inlet pressure — psi (bar) absolute
T = standard temperature — usually 520°R
Ty = inlet temperature —°R
Z1 = inlet compressibility
Z: = standard compressibility —always 1.0
MW = molecular mass

Gas Mixtures

Properties of a gas mixture necessary to select a
compressor are:

1. Gas constant (dependent on molecular mass
MW)

2. k{cpand ¢y}

3. Py, Ty, vsand Pz

4. Compressibility, Z

5. Critical pressure, P

6. Critical temperature, T

Of the above properties of a gas mixture, MW, ¢, ¢y,
Pe, and T, are calculated by adding the products of
the individual mof fractions of each constituent,
times its specific property. The temperature of any

constituent is cbviously the temperature of the mix-
ture. Tha v (specific volume) of the mixture is
obtained from Pv=ZRT. The compressibility of a
mixture is obtained from Chart 1, using the
calculated values of P; and T.. The k of a mixture
is determined from

IMcp
EMcp -1.985
The XMcp is the surnmation of the mol fraction times
the molal ZMcp of each constituent. The tabie beiow

can be used to calculate the properties of a gas
mixture.

K=

1) 2 3) @) 5) o) Q) @ © (10 | 1)
Gas Moi% Mois/h | Mol Mass 3 Pe Mcp
Mixture | each gas | eachgas | (Table 1) | (1) X (3) | Mass% | (Table 1) | (Table1) | (1)X(B) | (1) X(7) | (Table 1) {{1)X (10}
................ a a/d X 100
........ b b/d X 100
........................ ¢ ¢/d X 100
d
CACUELE K wmatuer = IMCp Apparent Pe tunt
SMcp—1.985 gm "‘::ffe
Determine the compressibility of the mixture Z; by _ T P
finding the reduced temperature Ta: and the Tee= Te tmir P = Pe tmin

reduced pressure Pr, as follows:

Then enter these values on Chart 1 to find Z.
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Chart 1 Generalized compressibility chart
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Chart 2 Polytropic to adiabatic efficiency conversion.
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ENGLISH SECTION English Units
Table 1 Gas Properties
{Most values taken from Natural Gas F Data Book—1972, Ninth Edition)
Critical Conditions “Mcp
a v o . Specli‘ﬂc Hslat Ratio T Absoict
as or Vapor Y =cplc solute ofute
Reference Symbois | Formula Mass at S:‘PF v Pressure |Temperature | at50°F |at300°F
pe (pslal T (°R)
Acetylene Cz= CaH: .04 1.24 905 587 10.22 | 122
Air N2+ 02 28.97 1.40 547 238 8.5 7.04
Ammonia NHa 17.08 1.3 1638 731 8.36 9.45
Argon A 39.94 1.66 705 272 4.9 4.97
Benzans CreHe 78.11 112 714 1013 1843 | 28.17
1so-Butane iCa CaHin 58.12 1.10 520 735 2210 | 8111
n-Butane nCe Cathio 58.12 1.09 551 7686 2283 | 31.09
Iso-Butylena iGa—m CaHs 56.10 110 580 753 20.44 | 27.87
Butylens nGa— CeHa 56,10 111 583 756 2045 | 27.64
Carbon Dioxide CO2 44.01 1.30 1073 548 8.71 10,05
Carbon Monoxide co 28.01 1.40 510 242 6.96 7.08
Carbureted Water Gas {1) - 19.48 135 454 235 7.80 8.33
Chiorine Cla 70.91 1.86 1118 751 8.44 8.52
Goke Oven Gas (1) - 10.71 1.35 497 197 7.89 844
n-Decang nCia CicH22 142.28 1.03 320 1115 53.67 | 7427
Ethane Cz 2Hs 30.07 1.18 708 550 1213 16.33
Ethyt Alcohol C2H:OH 46.07 113 927 830 17 21
Ethyl Chioride GaHsCl B4.52 1.19 764 829 145 18
Ethylgna Ca— CaHs 28,05 1.24 742 510 1002 | 1341
Flue Gas (1} 30.00 1.38 563 264 7.23 7.50
Hailum He 4.00 1.86 33 9 4.97 497
n-Heplane nGy GCrHus 100.20 1.05 397 973 39.52 { 5381
n-Hexane nCs GeHuae 86.17 1.08 440 915 3387 | 4588
Hydrogen H: 202 1.41 188 €0 686 | 688
Hydrogen Sulphide H28 .08 1.32 1308 673 8.09 8.5
Msthane [} CHe 18.04 131 673 344 838 | 10.25
Methyl Alcohol CHsOH 32.04 1.20 157 924 10.5 14.7
Msthyi Chlorlda CHsCl .48 1.20 968 750 1.0 124
Natural Gas (1) - 18.82 1.27 675 379 840 { 1002
Nitrogen Nz 28.02 1.40 492 228 6.96 7.03
n-Nonane nCs CaHzo 128.25 104 345 1073 4844 | 67.04
Iso-Pentane iCs CsHiz 72,15 1.08 483 830 2759 | 23870
n-Pentane nCs CsHaz 72,15 107 489 847 28.27 | 38.47
Pentylene Co— Cshho 70.13 1.08 586 854 2508 | 34.
n-Octana nCs Cabis 114.22 1.085 382 1025 .3 59.90
Oxvgen 02 32.00 1.40 730 278 899 7.24
Propane Cs Catls .09 1.13 817 e68 16.82 | 23.57
Propylens Cs— GaHs 42,08 1.15 658 14,75 19.91
Biast Furnace Gas (1) - 298 1.38 - - 7.18 7.40
Cat Cracker Gas (1) - 2883 1.20 674 515 11.3 15.00
Suiphyr Dioxide 802 64.06 1.24 1142 775 9.14 8.78
Water Vapor H0 18,02 1.33 3208 1186 798 823
{1) Approximate values based on average composition.
*Usg straight line @ P ar to Mcp {in btu/mol-° R) at actual inlst T. For greater accuracy,
average T should be used.
Table 2 M-Line & MB-Line Frame Data
Frame Nominal Flow Nominal Max Casing Nominat Nominal Nominat
Range Max No. of Pressurs Speed Polytrople H/N2 Maximum
{ctm) Casing Stages (psig) {r/min) Efficiency {per stage) QIN
2M 750~ 8,500 10 750 11,500 078 75 x 10° 0.83
38M 8,000 22,000 9 625 7,725 0.78 152 % 10°* 285
M 16,000~ 34,000 ) 25 6.300 0.80 228 x 10° 540
6OM 25.000- 58,000 8 326 4,700 0.81 3.86 % 10 12.34
70M 50,000~ 84,000 8 325 4.200 0.81 5.87 x 10 20.
88M 70,000 - 135,000 8 325 3.160 0.81 891 x 10" 427
103M 110,000 - 160,000 8 45 2.800 0.82 116 %10 57.1
110M 140,000 - 180,000 8 45 2,800 0.82 134 x 107 73.1
10MB 90-  1.600 12 10.000 18.800 0.77 286 x10* 0.085
15M8B 200- 2,350 12 10,000 15,300 0.77 38 x10° 0153 |
2o0mMB 325- 3,600 12 10,000 12,400 0.77 52 x 10° 028 “
25MB 500- 5500 12 10,000 10,000 Q.78 85 x10* 055 |
32MB 2,000- 8,000 10 10,000 8,300 0.78 1,39 x 10" 096
38MB 6,000- 22,000 L 1,500 7725 0.79 152 x 10° 285
48MB 18,000- 34,000 9 1,200 6,300 0.79 228 x 10 540
BOMEB 25,000~ 58,000 8 800 4,700 0.80 3.85 x 10 12.34
| 7oMB 50,000~ 84,000 8 800 4,200 0.80 5.67 x 10 20.
(1] Number of casing stages is detestrined by critical spsed margins. Thase numbers ars a genaral guideline onty.
(2) Thesa valuss are typical. Flexibility in types of avallable staging P orws to have si i head and efficiency.
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Selection Procedure English Units

Step 1:

if MW, k, and Z are not given, determine gas mixture
properties. By using the procedure and data on Pages

3 and 5, most gas compositions can be analyzed. For
single gases or an analysis that has one gas consisting
of up to 95% by volume, check to see if a Mollier Diagram
is included, and use the Mollier method.

Step 2;

Calculate inlet volume flow (ACFM). Using the gas
composition data from Step 1 and the relationships
below or the Moflier charts, find the inlet volume enter-
ing the compreassor. Note that for very large volumes
and lower head requirements, compressors can have
the flow divided in haif having two inlets {double flow),
one at each end of the machine. This gives the flexibility
of having a smaller frame size handling larger volumes of
flow. This can be important in a multi-body string such
as a feed gas string in an ehtylene plant, or whenever a
match in speed with other compressors or a particutar
driver Is desired.

Step 3:

Select the compressor frame size. Using the inlet
volume calcutated in Step 2, enter Table 2 and select
the proper frame size. Table 2 also contains other per-
tinent frame data to be used in the selection
procedure.

Step 4:

Calculate the total head requirement. In order to
determine the number of compression stages, it is
necessary to know the total required head. it is impor-
tant to remember that in a machine with more than one
saction, it is more accurate to total the heads from the
various sections than to make an overall estimate.

Step 5:

Calculate the total numbar of casing stages. Refer-
ence the average H/N? vaiuas in Table 2. Muftiply this
by the speed squared (begin with nominal speed
unless speed is fixed) to find an average amount of
head developed by the impellers. Divide the total head
requirement by thisto determine the approximate
number of casing stages.

Step &:

Adjust the speed by using fan law relationships to
agree with required discharge condmons

Step7:

The gas power {GHP} should be adjusted for balance
piston or equalizing line leakage. For estimating pur-
poses, we assume this to be a 2% increase. Mechanical
iosses can then be added to obtain shaft power (SHP).

Rough Out Example {N-method)
1} Given the following customer conditions

w1=1768 Ib/min MW =29

= 80 psia =14
Ty=90°F(550°R} Z =10
Pa =225 psia

2) Calculate inlet volume
vy = ZRT1 1.0 (1545) (550) _ » ca4 posip
144 Py 144 (29) (80)
Q =wq X vi = 1769 X 2.544 = 4500 ICFM
3) Select compressor frame size
Based on an inlet volume of 4500 ICFM and knowing

the required discharge pressure is 225 psia select 2
29M frame size from Table 2.

4) Calculate the raguired head
Assume an efficiency 0f0.78 from Tabie 2 and calcu-
{ate the polytropic exponent.

n o _ k )'I= 14
=~ () () orem 2

Calculate the overall head et
- _1]

H=zRT _N_ | Pz
=10 054) (550y(2.73) [ 225"
29 T80

n-1 P1

H=aga37 01
o

Check the discharge temperature for a need to inter-
cool (Coot if T2 > 400° F)

Te o Pe N\ v 225 0.3663 1.461
T4 P 30

Tz~ 650 (1.461) = 803°R = 343°F

No iso-cooting is therefore required.
5D ine the ber of casing
From Tabte 2 the nominal speed for a 20M is 11500
r/min. Galculate the Q,y
=_4500 . gags

11500
From Table 2H 2 =7.5x 10%
would then be

QN

H/s!age

Hpg2 X NP = (7.5 X 10°%) (11500)* = 9918 Mot

Bm
Determine approximate number of casing stages.

Number of stages = _96837 —371=4 stages
9919

8) Adjust Speed
Adjust the nominal speed according to the casing
stages.

fi-by

Ibm

4 stages must develop 36837

oran average of 36837 -g209 _f%:_b'_. per stage.
4 m

Using Fan Law relationships adjust the speed.
HaN*

N= Nuowm H“‘“ ke —11500[920'-“’}‘/2

9919
N=11,081 rlmm
7} Calculate the approximate power
GHP=_ Wi XH _ 1769 X 36837 = 2532HP
33000 Xn, 33000 x 0.78

Adjust for balance piston laakage
2532 x 1.02 = 2583HP

Add losses from Chart 4
SHP = 2583+ 78 = 2661HP
(Assume Iso-Carbon Seal)
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Rough Out Exampie {Moliier)
1) Given the following customer conditions

wi = 1769 tb/min

P =80 psia

T =00°F (550°R)

Pz =225 psia
Gas: ethylene
2) Calculate inlet volume

vi =26 {from Moliier chart)

Q=w: Xvy=1769 X 2.6 = 4800 ICFM
3) Select compressor frsme size
Based on an inlet volume of 4600 ICFM and knowing
tha required discharge pressure Is 225 psia selecta
29M frame size from Table 2.
4) Calculate the required head
At given inlet conditions, determine inlet entropy (s}
and enthalpy (h) from Mollier chart:

Pi=80 T,=80 8 =175 hy=163
At required discharge pressure and constant entropy

{8+ = 8z}, determine hz from chart

Pe=225 Tz=N/A 8:=175 hy=205
Head required = 778 (hz - hy)
H=778(205-163)=32676 by

1o

Check the discharge temperature for a need to inter-
coal. (Cool if T2>400°F)

$tep 1 Determine adiabatic efficiency

225 281 k=124 =078

(adiabatic)

=

nao = 0.76 from Chart 2

Step 2 determina actual (not isentropic) Ah.

an=_NaM _ 205183 _gg3

nao 0.76

Step 3 Determine hz and read T2 from Mollier
Chart,

hz=h1+ Ah=163+55.3= 218.3

T2 = 232°F {from Mollier chart)
No iso-cooling is therefore required.
5) Determine the number of casing stages.
From Table 2 the nominal speed for a 20M is 11500
RPM. Convert adiabatic head to polytropic head by
the ratic of efficiencies.
H = 32676 (0.78/0,76) = 33536
Fram Table 2 H/yz=7.5 X 107

H/_ would then be
stgn

Hypg2 X NP = (7.5 X107 (11500)° = 9919 b

bm

Determine approximate number of casing stages.
Number of stages = 38536 398 4 stages
8919

6) Adjust Speed
Adjust the nominal speed according to the casing
stages. "

4 stages must develop 33536 ——%

or an average of 33536 .. g3a4 %— perstage.
4 m

English Units

Using Fan Law reiationships adjust the speed.
HaN?

. i,
N=Nuou [ Haso |¥ = 1500 | 8384 P4 _ 0575
H g918

7) Calcuiate the approximate power
GHP=_ Wi XH _ 1768X33636 _ s50cnp

33000 X n, 33000 X 0.78

Adjust for balance piston leakage
2305 x 1,02 = 2351HP

Add losses from Chart 4.
SHP = 2351 +70 = 2421HP
{Assume Iso-Carbon Seal)

513
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English Units
Mechanical Losses
Chart3 Chart4
LABYRINTH, DRY CARBON RING
OR GAS FACE SEAL ISO-CARBON OR 1SO-SLEEVE SEAL
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For YOMB, 15ME and 20MB, us 40 HI for eses.
METRIC SECTION Metric Units
Table 3 Gas Properties
{Moat valuas taken from Natura) Gas Dats Book—1972, Ninth Edition)
Heat Rati Critical Conditions ‘Mep
eat Ratio
Gas or Vapor bon ¢ k=cplc Absalute | Absoluts
Referenca S8ymbols | Formula Mass pisY Pressure |Temperature | atg°C |at 100°C|
at18.5°C Pe (ban) Tf(,(,
Acatylene Ca= CaHa 26.04 1.24 62 4 309.4 4216 | 4818
Alr N2 +02 28.97 1.40 1328 20.05 | 29.32
Ammonia NH: 17.02 131 1 2 406.1 8466 | 8783
Argon A 39.64 168 48. 1514 2078 .79
Benzene CsHs 78.11 112 48, 5628 74.18 | 103.52
s0-Butane iCa CaHio 68.12 1.90 38. 408.3 89.76 | 116.89
n-Butane nCae Cabio 58.12 1.08 38 4268 9303 | 117.92
iso-Butylene G CaHe 56.10 1.0 40 418.3 83.36 | 104.96
Butylens nGa— CHs 56.10 111 40.. 83, 105
Carbon Dioxida COs 44.01 1.30 74 3804 | 40.08
Carbon Mt co 28.01 140 35. 1344 210 | 2831
Garbum(sd Wa!nr Gas (1) - 19.48 1.35 31.; 130. 31.58 | 3378
s o Ee o | m | rE|EE
Gas (1 - . 3 . . .
gmcg‘{: " M nCio Caokaz 142.28 1.03 22 19.4 21835 | 26041
Gz CzHs 30.07 118 48| 305.6 .45 | 8214
Ethyl Alcohol CaHsQH 46.07 1.13 63 §16.7 6392 | 8187
Ethyl Chloride CaHiCt 64.52 118 52. 6 59.61 70.18
Ethylene Ca— CzHe 2805 1.24 5.2 .3 .90 | 5111
Flus Qas (1) 30.00 1.38 38.8 146.7 30.17 | 30!
Helium He 4,00 1.66 2.3 .0 .79 | 20
n-Heptane nG: Grthe 100.20 1.05 274 540.8 1681.20 | 202.74
n-Hexane nCe GeHie 86.17 1.06 303 508.3 138.08 | 174.27
Hydrogen Hz 2.02 1.41 13.0 333 28.67 | 20.08
Hyd: Sulphide HiS 34.08 1.32 90.0 3738 (N 35.07
Vistnang Sute c CHa 1604 131 5.4 1914 450 | 404
Methy! Alcoho! CHsOH 32.04 1.20 79.8 5133 4267 1 5532
Mathyl cnlorlde CHiCH 50.49 1.20 686.7 87 4580 1 49.82
Natural Gas (1) - 18.82 1.27 45.5 2108 3486 | 39.54
Nitrogan Nz 28.02 140 339 1267 28,10 ) 2.3
n-Nanane nCs CoHze 128.25 1.04 238 596.1 197.07 | 258.10
leo-Pantane iCs CsHi2 7215 1.08 33.3 461.1 112,09 | 145.56
n-Pentane nCs CsH12 7215 1.07 33.7 470.8 11521 | 14584
Pentylene Cs— CsHio 70.13 1.08 40.4 474.4 102.11 | 13037
n-Octane nCs CaHu 114.22 1.05 250 569.4 17817 | 22617
Oxygen =} 32,00 1.40 50.3 154.4 2817 29.52
Propane Cs GCiHe 44.09 113 425 370.0 88. 88.68
Propylens Cs— CiHe 42.08 115 46.1 3858 B0.16 [ 7570
Blast Fumace Gas (1) - 298 1.39 - — 20.97 | 30.84
Cat Cracker Gas (1) - 28.83 1.20 .5 286.1 46161 §7.31
Sulphur Dioxide 8§02 64.06 1.24 78.7 430.6 38.05| 40.00
Water Vapor H:0 18.02 1.33 2212 647.8 33.31 a4.07

(1) Approximate values based on average ¢omposition.
“Use straight line or 1a approxi Mep (in kJ/(kmol-K)] at actual inlet T. For greater accuracy,
average T should be used.




Table 4 M-Line & MB-Line Frame Data

Frame Nominal Flow Nominal Max Casing Nominal Nominal Nominal
Range Max No. ot Pressure Speed Polytropic HINE Maximum
{ma/h) Caging Stages {bar) {r/min) Efficiency (per atage} QN
29M 1276- 18140 10 52 11500 0.78 2.26 x 10 1,403
38M 10200- 37380 2 7725 0.79 456 x 10 484
48M 27 200- 57750 9 43 8300 0.80 6.84 % 10 917
60M 42500 - 98550 8 23 4700 0.81 11.55 x 50 20.97
70M 85 000 - 142 700 8 2 4200 .81 17.01 x 10 33.98
88M 118 000 - 229 400 8 23 3160 0.81 23 x10° 726
103M 186 900 - 272000 ] 3 2800 0.82 348 x10° 97.
110M 237 800 - 323 000 8 3 2600 0.82 402 x10* 124.
10MB 150~ 2700 12 890 18900 .77 80 x10° 014
15MB 340~ 4000 12 690 15300 0.77 108 x 10° 0.26
20MB 550- 6120 12 830 12400 0.77 186 x10° 0.48
25MB 850~ 8345 12 850 10000 0.78 285 x10* 0.94
32Me 3400- 13600 10 890 8300 0.78 42 x10* 164
38mB 10200~ 37 380 8 108 7725 0.79 456 % 10" 484
46MB 27200~ 57750 9 83 6300 0.78 6.84 % 10* 9.17
OMB 42500- 98550 8 56 4700 0.80 11.85 x 107 2097
70MB 86000 - 142700 8 &5 4200 0.80 17.01 x 107 3308
{1) Number of casing steges is determined by critical speed margins. Iy
@ pical. Flexibility in types il gl Wliow final computer selections 1o ignii d sfficiency

Selection Procedure

Step 1:

If MW, k, and Z are not given, determine gas mixture
properties. By using the procedure and data on Pages

3 and 9, most gas compositions can be analyzed. For
single gases or an analysis that has one gas consisting
af up to 95% by volume, check to see if a Moallier Diagram
is available, and use the Mollier method.

Step 2:

Calculate inlet volume flow (m?). Using the gas composi-
tion data from Step 1 and the relationships below or the
Mollier charts, find the inlet volume entering the compres-
sor. Note that for very large volumes and lower head
requirements, compressors can have the flow divided in
half having twa inlets (double flow), one at each end of
the machine. This gives the flexibility of having a smaller
frame size handling larger volumes of flow. This can be
important in a mutti-bady string such as a feed gas string
in an ethylene plant, or whenever a match in speed with
other compressaors or a particular driver is desired.

Step 3:

Select the compressor frame size. Using the inlet
volume calculated in Step 2, enter Table 4 and select
the proper frame size. Table 4 also contains other
pertinent frame data to be used in the selection
procedure.

Step 4:

Calculate the total head requiremnent. In order to
determine the number of compression stages, itis
necessary to know the total required head. It s
important to remember that in a machine with more
than one section, it is more accurate to total the heads
from the various sections than to make an overail
estimate.

Step 5:

Calculate the total number of casing stages.
Reference the average H/N? values in Table 4. Multiply
this by the speed squared (begin with nominai speed
unless speed is fixed) to find an average amount of
head developed by the impellers. Divide the total head
requirement by this to determine the approximate
number of casing stages.

Step 6:

Adjust the speed by using fan law reiationships to
agree with required discharge conditions.

Step 7:

The gas power (GkW) should be adjusted for balance
piston or equalizing line leakage. For estimating pur-
poses, we assumne this to be a 2% increase. Mechanical
losses can then be added to obtain shaft power (SkW).

Rough Oul Example (N-method)
1) Given the following customer conditions

wr = 802.4 kg/min MW =28
Py =5.5bar k =14
T+=32°C (305K) Z =10
P2 = 15.52 bar

2) Calculate inlet volume
_ ZRT, _ 1.0(8314) (305) _

10° P4 10° (29) {5.5)

Q=w1 X vy =802.4 X 0.158 = 127.6 m¥/min
127.6 X 60 = 7656 m*/h

Vi 0.169 m¥/kg

3) Select compressor frame size

Based on an inlet volume of 7656 m>/h, and knowing
the required discharge pressure is 15.52 bar, select a
29M frame size from Table 4,

4) Calculate the required head

Assume an efficiency of0.78from Table 4 and
calculate the polytrapic exponent.

"=k Yn={14)or8=273
n-1 k-1 04
Calcutate the overall head |
H=zrT N [Pz 74
n-t | Py

0.3663
=10 @) 305 2.73)[1582 4
29 55

H=110 350 Nm
kg
Check the discharge temperature for a need to
intercoo! (Cool it T2 > 205°C}

o1 0.3683
T: [P\ 1552) Z 1482
T Py 5.5

T2=305 (1.462) =446K = 173°C
No iso-cooling is therefore required.

5) Determine the number of casing stages.
From Table 4 the nominal speed for a 29M is 11 500
RPM. Calculate the QG

Q —_7656 _—0p66
N 1500

From Table 4 Hy==2.25x 10
would then be

H,stage
H 2 X N=(2.25 X107 (11 500)° = 28 756 Nm
kg
Determine approximate number of casing stages.

Number of stages = 110350 =3 7124 stages
28756

&) Adjust Speed
Adjust the nominal speed according to the casing
stages.
4 stages must develop110 350.N™
kg
or an average of 1103502758 NM ey gage.
4 ki

Using Fan Law relationships adjust the speed,
HaN?
N = Nnom
H 29756
N= 11073t/min
7) Calculate the approximate power
Gkw=_ WrXH _ (802.4)(110 350)_. 1g02kW
60 000 X np (60000) 0.78)

Adjust far balance piston ieakage
1892 x 1.02 =1930kW
Add losses from Chart 6
SKW =1930 + 58 = 1988kW
(Assume Iso-Carbon Seal)

Hreao |% — 11500 [ 27588] ¥
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Rough Qut Example (Mollier)
1) Given the following customer conditions
w1 = 802.4 kg/min
P1=5.5bar
T1=32°C (305 K)
P2 =15.52 bar
Gas: ethylene
2) Calculate inlet volume
v1 = 0,163 m/kg (from Mollier chart)
Q = wy X vi = 802.4 x 0,163 = 130.79 m*/min
130.79 X 60 = 7847 m*/h
3j Select compressor frame size
Based on an inlet volume of 7847 m®/h and knowing
the required discharge pressure is 15.52 bar select a
29M frame size from Table4.
4) Calculate the required head
At given inlet conditions, determine intet entropy {s)
and enthalpy (h} from Mollier chart: kJ
Pi=55bar Ti=32°C si=s; hi =379 —k;
At required digcharge pressure and constant entropy
(s1 = 82), determine hz from chart kd
P2=1552 Tz=N/A s82=81 hz =477 _I:g—_

Head required = 1000 (hz - h1) Nm

H = 1000 (477 - 379) = 88000 (adiabatic) ‘r
Check the discharge temperature for a need to g
intercool. {Cool if T2>>205°C)

Step 1 Determine adiabatic efficiency

1852_587 k=124 n,=078
55

740 =0.76 from Chart 2

Step 2 Determine actual (not isentropic) Ah

ah=_Nah WSO gpe

Ao 0.76

Step 3 Determine h2 and read Tz from Mollier
Chart.

hz=hy+ Ah =379 +128.9 =507.9

Tz = 109°C (from Mollier chart)
No iso-cooling is therefore required.
5) Determine the number of casing stages.
From Tabie 4 the nominal speed for a 290 is 11 500
r/min. Convert adiabatic head to polytropic head by
the ratlo of efficiencies.

H = 88000 (0.78/0.76) = 100579 Nm
From Table 4 H 2 = 2.25 % 107 kg

H/mge would then be

Hypge X N2 = (225 % 107 (11500)° = 20 756 VT

kg

Metric Units

Determine approximate number of casing stages.

100578
23756

Number of stages = =338

6) Adjust Speed

4

Adjust the nominal speed according to the casing

stages.

N
4 stages must develop 100579 Akﬂ
g

or an average of 100579 per stag
4

e.= 25145

Using Fan Law relationships adjust the speed.

Ha N®

H

N=Nnow | Hesso J%e— 1500 [ 25145 ] %
29756

N =10571r/min
7) Calculate the approximate power

Gkw=_ Wi XH _ (B024) (100579}

80000 X 7, {80000)
Adjust for balance piston leakage
1724 x 1,02 =1759 kW
Add losses from Chart 6
SKW = 17594 54 = 1813kW
{Assume Iso-Carbon Seal)

Mechanical Losses

Chart &
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Appl'OXimate English units
dimensions and e 1 ! :
weights

Vertically Split

- ] + Sirmlghi-Through Bark-to- Back
of ls0-Coaled

Technical Data

* Total Weight Nozzie Size
Eliott (PSIG) Ibs. Rotation
Compressor Material Pressure Three Each Add’l Infet Discharge Facing
Frame Rating Stages Stage inches inches injet
15M8 Fgd. Steel 2000 5.035 350 6,8 4,6 ccw
15MBH Fgd. Stes! 4200 6.930 460 6.8 4,6 CCOW
1SMBHH Fgd. Steet 7500 11,000 550 6 8 4,8 ccw
20MB Plate 1500 9,560 660 8,10 6,8 CCwW
20MBH Fgd. Steel 4200 13,150 870 8, 10 6, 8 CcCcw
25MB Fgd. Stee! 1500 CW
2000 | 18140 1,250 14,12, 10 0r 8 10,8 0r6 cow
25M8H Fad. Steet 3150 (&
4200 25,000 1,855 12.100r 8 Boré CCcw
25MBHH Fgd. Steel 5150 38,800 1.475 0. 8or B Gord CwW
10000 53,200 5,100 8oar6 §ord ccw
3amB Fgd. Steel 1500 W
2000 23,800 2,490 16, 14 or 12 12 or 10
32MBH Fgd. Steel 3150 oW
4200 36,500 3,650 12, 10or8 Bord
32MBHH Fgd. Steel 10000 56.600 7.250 1Qor8 8aré cw
3smB Fgd. Steel 700 30,045 3,440 24, 20 or 18 16 or 14 oW
1200 36,300 4,130 20 or 16 18 or 14
1500 51,300 5,250 16 or 14 14 0r12 ow
[ dEME ab. Steel 750 “a0,700 4,000 30 or 24 20°0r 18 CW
1200 50,700 4,800 24 or 20 26 or 14
GOMB Fab. Steel 406 73.200 8,115 36 or 30 24 or 20 cW
5 . 800 89,200 8,637 36 or 30 20 or 18
70MB Fab. Steel T CcW
800 152,300 18,800 42 or 36 30 or 24
B83MB Fab. Steet cw
BOO 198,000 40,400 54 to 48 36 or 30
NOTE: The drive end is normally the suction end. *For back-to-back machines, add weight of two stages.
Appr Dimensions (inches)
Ellioft C cC Length F FF Length
Compressor A B Win. Six Each Add't o E Min. Bix Each Addl] G
Frame 3 Stages Siages Stage 3 Stages | Stages Stage
15mM8 38 36 38.5 50 28 17 21 16 19 26 11
15MBH | 39 a8 40 52 25 175 215 18 21 28 1378
15MBHH 45 4 48 61 33 22 23 17 23.5 3.3 19
20MB 47 44 48 [F] 3.2 21 26 18 23.5 3.2 13.75
20MBH 49 47 51 68 3.2 22 27 19 26 3.2 17
SMB 58 58 58 77 4 26 32 24 29 4 17
25MBH €0 58 63 84 4 27 33 24 32 4 21
| 25MBHH 89 83 73 83 5 34 35 26 36 5 ]
83 70 76 98 ] 41 42 29 48 [} 31
2MB 72 k4l 68 83 E 33 39 29 44 5 18
32MBH 75 74 74 88 [ 34 41 31 46 8 21
3ZMBAR 8% 88 82 % | 86 3 47 34 50 6 34
3asMB 78 79 80 116 8 36 40 33 63 8 18
78 82 83 119 8 a7 41 33 83 8 20
86 80 95 128 8 41 45 37 Il 8 32
AGMB 86 108 a2 137 9 38 48 a3 88 9 24
g2 118 98 142 9 41 51 44 9 g8 27
s0MB 13 122 108 165 12 56 57 57 "7 12 26
125 134 111 17m 12 62 83 59 119 12 28
T0MB 134 142 142 217 18 68 68 70 147 15 41
[ 146 180 152 252 20 69 77 [E] 192 20 51
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Metric units

r oG o
G FF =

Siraight-Thravgh Back-1o-Back
or Isa-Coaled
Technical Data

(BAR) * Total Weight
Elfiott Pressure kg Nominal Nozzle Size Rotation
Compressar Material Rating Three | Each Add’l Inlet Discharge Facing
Frame Stages Stage inches i inches millimetres | Inlet
15MB Fgd. Steel 138 2290 160 6,8 | 152,203 | 4& | 102152 CCW _
15MBH Fgd. Steel 250 3150 | 210 153,203 102,152 CCW
15MBHH | Fgd. Steel 520 6000 | 250 6.8 152, 203 4.6 102,152 | COW
20MB Plate 103 4350 300 8, 10 203, 254 6,8 152,203 | CCW
20MBH Fgd. Steel 250 6000 400 8 10 203, 254 58 152,203 | COW
25MB | Fod. Steel 103 — CTW -
138 8250 570 | 14,12, 10, 8| 356 305 254, 203 | 10,8, 8 | 254, 203, 152| COW |
25MBH Fod Steel 217 W
290 11315 750 12.10.8 305, 254. 203 8,6 203,152 | CCW
25MBHH | Fgd. Steel 355 17 464 670 10.8.6 354,203, 152 6,4 152,702 W
690 24 131 2310 8,6 203, 152 6,4 152,102 | CCW
32MB Fgd. Steel 103 CW
138 10 796 1130 16, 14,12 406, 356, 305 12,10 306, 254
32MBH Fgd. Steel 217 -1 TW
290 | 16588 1855 12,10, 8 308, 254, 203 88 203, 152
32MBHH | Fod. Steel 690 25 674 3885 10,8 254, 203 “8.6 | @03 is2 W
38MB Fgd. Steel 48 136281 1558 24, 20,16 &10, 508, 406 16, 14 406, 356 W
83 16 467 1870 20, 18 610, 508. 406 16. 14 408, 356
. o 103 23270| 2378 16, 14 408, 356 14,12 356, 305 cw
4smB Fab. Steef 52 18 458 1815 30, 24 762,610 | 20,716 508, 406 W
o 83 23014] 25 24,20 610, 508 26, 14 660, 356
60MB Fab. Steel 27 a3 180 3676 36,30 | T ota 762 | 2420 | 410,508 CW
55 44 998 | 4365 36, 30 914, 762 20, 16 508, 406
70MB Fab. Steel B cw
55 89 083 8515 42,38 1067, 914 30, 24 762, 610
88MB Fab. Steel o T [5%]
55 89 813 | 18 300 54, 48 1372, 1219 36, 30 914, 762
NOTE: The drive end is normally the suction end. “For back-to-back machines, add weight of two stages.
Approximate Dimensions (mlllimetres)
Elfioft [ cc Length F FF Length
Compressor A B Min. i Each Add'l 2] E Min. Six Each Add’l | G
Frame 3 Stages Stages Stage 3 Steges | Stages Stage
15MB 965 914 978 1270 66 432 533 408 483 &6 278
5MBH 550 865 1016 7320 66 445 536 406 533 56 350
1SMBHH 1143 1041 7218 1550 84 559 584 432 587 84 483
20MB 1194 1118 1219 1575 &7 533 660 483 597 81 350
20MBH 1245 1154 1295 1725 81 559 | 686 | 483 | 660 | 87 432
25MB_ | 1470 | 1400 1500 1960 100 660 810 610 740 100 430
25MBH 1520 1470 1600 2130 100 690 | 840 550 810 100 530
25MBHN 7756 1600 1850 2380 730 B60 B30 660 810 130 748
2110 1780 1930 2490 150 1040 1070 740 1220 150 ’_ 750
32MB 1830 1800 1730 0 130 B4 990 730 1120 130 460
| 32meH 1900 1880 1860 2240 150 860 1040 790 1170 750 530
B2MBHH 2180 2240 2080 2410 150 980 1190 860 | 1270 150 860
38MB 1930 2070 2030 2850 200 470 1020 840 1600 200 480
1980 2080 2110 3020 200 940 1040 840 1600 200 510
2160 2290 2410 3250 200 1040 1140 940 1800 200 810
i6ME | 780 2770 2340 3480 230 970 1220 1080 224D 230 810
o 2340 | 3000 2490 3610 230 1040 1300 1120 2290 230 690
GOMB 2870 3100 2670 4790 300 1420 1450 1450 | 2970 300 660
| 3180 | 3400 2820 4340 300 | 1570 | 1600 1500 3020 300 710_|
70MB 3400 3670 3610 5510 380 1680 1730 1760 3730 380 1040
68MB 3710 3060 3860 6400 510 1750 1960 2360 4880 510 1300

All gimensions and weights are approximate and to be used only for preliminary planning. See your Elliott Representative for morg accurate data
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dimensions and

weights

Horizontally
Split

English units

=
o FF
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Steaightahrough iso-Comied Iso-Caaled
compression with pxbarnad uoluins wiih intarmal velular
Technical Data
T n -
Elfiott Min. Total Weight Weight © Rolation®
camplresscr : Material Casling Ibs. Heaviest Part, Ibs. Nozzle Size, inches Facing
Frame Length Min Add'l Min Add'i Iniet
(stages) " Stage " Stage Infet Discharge
298 C.hL 3 8,405 886 3,855 400 18 6,8 or 10 cw
C.S. 3 8,052 935 3,855 400 16 6, 8o0r10 W
c.8. 3 9,025 1,034 4,915 500 16 6. 8o0r10 CW
F.8. 3 9,026 1,034 4,915 500 12.8 8 cw
38M Ci. 3 15124 | 2462 | 8624 950 0 16 cw
FS. 3 15,597 2,276 7,953 850 20 or 24 16 cw
F.8. 3 i 18,905 2,400 9,965 1,000 20 0r24 16 oW
46M C.l. 2 23,534 2,992 10,350 1,800 24 20 cw
F.8. 3 25,888 3,950 12,358 2,000 30 20 oW
F.8. 3 20,954 4,189 i 15,072 2,300 30 20 CwW
80M Cl 3 48,904 8,688 122373 2,200 38 : 24 cwW
F.8 3 41,861 6,688 | 20,409 2,500 36 24 oW
oM cl. 2 54472 T 10,876 | 27.283 | 2.100 42 30 cw
F.S. 2 59,616 1 11952 | 30,021 3,400 42 or 48 30 cw
85M “cin 2 98,716 | 21,860 | 48004 8,000 54 or 48 36 or 30 cw
FS. 2 105,305 24,260 52,531 8,200 54 or 48 36 or 30 cwW
103M C.1. 2 88.000 26.000 40,000 13,000 66 or 60 42 CCw
F.S. 2 95.000 28,000 44,000 13,800 66 or B0 42 CCW
110M C.l. 2 115,718 20,872 52,545 15.000 72 48 cow
F.8. 2 124,364 31,740 56,746 16,000 72 48 cCw
Approximate Dimansions (inches)
Overall Length Nozzle Distance [
Elliott Cc cc cece Each F FF FFF Each |
Compressor A B Min, Six Four Add" Min. Six Faur Add’l G E EE{ ]
Frame Stages Stages Stages| Stage | Siages Stages | Stages | Stage
29M 81 58 52 74 — 4.5 24 38 — 4.5 17% | 82| 32 . 27
81 58 §2 74 — 4.5 24 38 — 4.5 17va | 32 32 27
61 58 52 74 — 4.5 24 38 — 45 18% | 32| 32 27
61 58 52 74 — 4.5 24 38 — 4.5 18% | 29| 29 o7
38M €8 a3 &5 86 — 7 21 52 - 7 20 38 3 27
68 83 65 86 a7 7 31 52 57 7 20 35 39 27
. 68 83 66 87 7 31 52 57 7 21 35 | a9l p7
46M a4 97 73 100 — 9 39 66 — 9 21 42 1 42 28
71 79 87 114 118 9 30 i 68 89 9 22 44 | 52 | 22
) 71 79 87 | 114 19 | 9 3 . 86 69 9 23 44 | 52§ 22
sOM 124 | 119 105 141 — 12 51 88 — 12 22 68 | 68| 24
92 | 103 | 105 141 148 12 51 86 93 12 25 | 57| 84 24
70M 148 | 131 103 148 — 15 50 g5 — 18 30 80 | 84| 22
120 [ 128 | 103 148 157 15 53 98 108 15|23 68 | 77 | 24
88M 125 | 131 115 175 — 20 85 123 — 20 24 72 | 75| 24
142 | 131 116 171 161 20 65 123 127 20 24 184 | 88 24
103M 141 | 144 131 194 - 21 71 132 — 21 23 78 | 84 : 24
156 | 148 133 | 194 198 bl 1Al 132 139 21 27 82 1102 ; 24
110M 158 | 176 128 210 — 24 83 155 - 24 25 92 | 98 | 24
177 | 1786 130 210 222 24 83 158 ; 162 24 29 94 (114 | 24

*The normal drive end ig the discharge end. Far unlts requiring opposile rotation, the drive end is the suction end.
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Technical Data

Strasghisthraugh

campressian

L

Metric units

- col
|t o}
' .
P F— 4 . FFF
|=-Cogled g -Caed

with eailernot volutes

= <G

with internot vatutes

Eniont c,:‘[?';g TnlllkV:cﬂghl Weight, H:;vlssi Bart Nominal Nozzle Size Rotatlon*
Compressor | Material — Facin
Frz:e aterial | Length Add’l Add‘t inlet Di talh e‘q
(stages) | Min. | Stage Min, Stage inches | millimetres inches [ millimetres
29M C.L 3 3813 402 1749 180 168 406 6, 8, 101 152, 203, 254 oW
c.8. 3 3652 424 1749 180 16 A06 8, 8, 10| 152, 203, 254 CW
C.S. 3 4093 469 2229 230 16 408 6,8,10] 152, 203, 254 CW
FS. | 3 4093 489 2229 230 123 305, 209 B 3 oW
M Gl 3 6860 1117 3912 430 20 508 16 408 cw
F.S. 3 7075 1032 3607 390 20, 24 508, 610 16 406 oW
F8 | 3 8575 1088 4520 450 20,24 508,610 | 186 408 CwW
a8M | cJ. | 2 [10675 | 1357 | 4695 820 | 24 610 I 20 508 ow
[ FS8. | 3 11743 1792 | 5808 910 30 762 20 508 cw
| F8 | 3 13 587 900 | 6837 1040 30 762 20 508 cwW
6OM [N 3 21278 3034 | 10148 1000 3B 914 24 610 ow
FS8. 3 18 988 3034 g5_3__4» 1130 36 914 24 810 cw
70M cl | 2 24 681 4933 12 380 1410 42 I 1067 30 762 oW
F.8. 2 27 042 5421 13618 1540 ; 42,48 1 1067, 1219 30 762 CW
88N C.L 2 44778 9916 22183 3830 54,48 | 1372, 1219 36, 30 914,762 oW
b F.8. 72_7 ‘47 766 |11 KIIL ?3 828 3720v | 54,48 ' 1372, 1219 36, 30 914, 762 CW
109M C). 2 139 917 11794 18 144 5900 €6, 60 1676, 1524 42 1087 | CCW
F.S. 2 )43 092 | 12701 19 958 6260 86,60 | 1676, 1524 42 1067 l CCwW
110M [*XN 4 52485 | 13550 | 23834 8800 72 | 1829 48 1219 [
FS§ 2 (56412 114397 | 25740 7250 72 | 1828 48 1219 . CCW
Approximate Dimensions (millimetres)
| i Qverall Length Nozzle Distance |
Elfiott A B c cC cce Each | D E EE F FF FFF Each ! G
Compressor 1 Min, | Six Four | Add’t Min. six | Four | Addd
Frame ; Stages | Stages | Stages | Stage | Stages | Stages | Stages Slagol
29M 1550 1470 1320 1880 — 110 690 ] 810 830 610 970 —_ 110 | 440
1550 1470 1320 1880 - 110 690 810 810 810 870 — 10 440
i 1550 1470 1320 1880 — 1o 690 810 810 610 970 —_ 110 470
| 1550 | 1470 | 1320 | 1880 — 110 | 690 810 810 810 970 — 110 | 470
38M 1730 \ 2110 1850 2180 — 180 €30 890 890 790 1320 —— 180 510
1730 | 2110 1650 2180 2210 180 690 890 990 ! 790 | 1320 1450 180 510
_ 4__;1730 L2110 | eso | 2180 | 2210 180 690 890 890 | 790 1320 | 1450 180 830
46M 2130 2480 1850 2540 — 230 710 | 1070 1070 | 990 1880 — 230 530
1800 2010 2210 2900 3020 230 560 | 1120 | 1320 | 990 | 1880 1750 230 580
1800 2010 2210 2900 3020 230 560 1120 1320 990 1680 1750 230 580
L 189 Ll 220 ) &
£0M 3150 3020 | 2670 3580 — 300 810 1730 1730 . 1300 ; 2180 — 300 | 560
| | 2340 | 2620 2570 3580 | | 3760 ; 300 610 1450 | 1630 i 1300 ° 2180 _2&50__‘F 300 64U
70M . 8710 | 3330 ]‘ 2620 , 3760 — 380 &60 2030 2130 1270 2410 . — | 380 760
| 30s0 | 3o | 2620 ! 3760 | 3990 | 380 | B10 1730 | 1960 135°_~£1‘9,‘?_ﬁ,2,5§°,]; 380, 580 |
asm 3175 § 3330 2920 4440 — 510 510 | 1830 1800 1650 ‘ 3120 . — 510 610
3610 3330 2820 4340 4080 510 610 | 2130 2440 | 1850 | 3120 | 3230 | 510 610
103M { 3580 3660 ¢ 3330 | 4930 — 530 6§10 I 1980 2130 T 1800 ¢ 3350 — i 530 580
L | 3960 | 3760 ‘ 3380 ; 4930 | 5030 | 530 | 610 ° 2080 2580 | 1800 3350 3530 , 530 690
110M {4010 | 4470 3250 5330 — 810 610 | 2340 2490 | 2110 3940 —_ 610 840
| 4500 | 4470 | 2300 ; 5330 | se40 | 610 610 | 2390 | 2000 | 2110 | 3940 | 4110 | 610 | 740

*The normal driving end is the dischargs end. For units reguiring oppasite rotation, the drive end is the suction end.
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B.2 QUICK SELECTION METHODS FOR MULTISTAGE COMPRESSORS*

Among the many purely graphical methods of rapidly selecting multistage compressors is
one developed around 1965 by Don Hallock of the Elliott Company, Jeannette, Pa. To use
these charts, the following quantities must be known:

W—weight flow, in Ib/min or scfm (standard ft*/min).
P,—inlet pressure, in psia

R,—pressure ratio (discharge psia/inlet psia)
ti—inlet temp., in °F

M—mole weight

AR e

K—ratio of specific heats

Determine the Inlet cfm, Q1. If Wis known, use Fig. B.1, proceeding through P, ¢;, and
M to find Q.

If scfm is known, use Fig. B.2, proceeding through P, #;, and “temperature standard” to
find Ql'

Determine the Head H.  On Fig. B.3, enter R, and proceed through K, #;, and M as shown.
If head H exceeds 80,000 to 90,000, more than one compressor body will be required.

Determine the Number of Stages Required. On Fig. B.4, enter head H and proceed through
M to read the number of stages required. Round this off to the next-higher even number.

Determine the Speed and Size of the Machine. On Fig. B.5, enter Q and read the maxi-
mum width in inches. Proceed to the stepped lines and read the rpm and flange sizes.
Proceed through the number of stages and read the length of the machine in inches. In the
example shown, the icfm is 45,000 and the gas is between propane and chlorine in mole
weight. The speed is shown to be 4000 rpm and the flanges are 36 and 24 in. A slightly
higher flow requires 3500 rpm and 42- and 30-in. flanges.

Determine the Horsepower Requirement. On Fig. B.6, enter W, proceed through Q, and
H, and read HP. If W is not known, work backward from Q; on Fig. B.1 to find W before
using Fig. B.6.

For uncooled, constant weight flow compression, such as alkylation, wet gas, recycle, or
air under 50 psia, the foregoing is sufficient to determine price, size, and driver require-
ment. For cooled or variable weight flow compression, proceed as follows:

Cooled Compression. Assume one cooler and two compression sections, each section
handling a pressure ratio equal to the square root of the overall pressure ratio.

* Determine discharge temperature #, from Fig. B.7, proceeding through R, O}, K, and ¢,.

* Assuming that this #, is satisfactory, proceed through all the figures for each of the
separate sections. Speed and width of the compressor will be dictated by the first sec-
tions. The total horsepower is the sum of the sections.

*Developed and contributed by Don Hallock, Elliott Company, Jeannette, Pa. Adapted by permission of HP and
the Elliott Company. Originally published in the October 1965 issue of Hydrocarbon Processing.
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FIGURE B.1 If the weight flow of gas W is known, use this chart to find the inlet flow Q; (icfm).

* If one cooler does not depress #, sufficiently, or if still more horsepower saving is
desired, try two coolers or more. R, per section for a two-cooler three-section
arrangement is the cube root of the overall R,,; for a three-cooler four-section arrange-
ment, it is the fourth root. Bear in mind that more than one set of cooler openings is
seldom available on a single compressor body. When more than one cooler is chosen,
therefore, more than one compressor body is likely to be required.

Considerable judgment is required in choosing the number of coolers to use. Once the
temperature limits are satisfied, the use of additional coolers becomes a matter of econom-
ics between compressor and cooler cost, and horsepower evaluation.

Variable Weight Flow. For applications having side flows either in or out, it is necessary
to consider each constant flow compression section separately. Mixture temperature to the
second section after the first “inward” side flow must be calculated by finding the discharge
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FIGURE B.2 If the scfm value is known, use this chart to find the inlet flow Q; (icfm).

temperature of the first section from Fig. B.7, multiplying by the first section weight flow,
adding in the product of the sidestream temperature and weight flow, and dividing by the
sum of the weight flows. With mixture #;, P;, W, M, and K known, the figures can now be
used for the second section, and so on through the machine.

M and K of the sidestream will generally be the same or quite close to those of the inlet,
so mixture calculations for these quantities will normally be unnecessary. For extraction
side flows, the second section inlet conditions are the same as the first section discharge
conditions, except for W.

Normally, the first section will “see” the largest Q;, in which case the first section Q;
will dictate the size and speed of the machine. An occasional refrigeration process, how-
ever, will show the second section Q; to be the largest. In this case, that Q; will dictate
machine size and speed.

To determine the number of stages required, add the stages for each compression section
and add in a blank stage for each large side load. It is impossible to give criteria for exactly
what constitutes a “large” side load, but experience has shown that a typical propylene unit
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FIGURE B.4 Enter this chart with the H value on Fig. B.3 to find the number of stages required.
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FIGURE B.5 Enter this chart at the Q| value from Fig. B.1 or B.2 and find the speed, width, length,
and flange sizes.

will require a blank stage for the first sideload only, whereas a typical ethylene machine
may require two blank stages. If the total number of stages, including blanks, exceeds nine,
a second machine will probably be required.

B.3 DELAVAL ENGINEERING GUIDE TO COMPRESSOR SELECTION*

* Reprinted by permission of IMO Industries, Inc., DeLaval Turbine Division, Trenton, N.J.
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Delaval Engineering Guide to Compressor Selection

TABLE OF CONTENTS I. Symbols
I Definition of Symbols The are the {and their and the units of measurament used throughout
i, The Gas Compression this section.
. Determining ZiMW G Spesitic hoat of mixture N Numborofcompressianstages ¥ Specific volume (RYbmi{mYkg
a Qu“l’i“ "’““’m ure Cp  Specific heat at constant N Polywopic exponent Weight af gas (im)
. m"yinv ssigction presstre Py Reduced pressura Z  Compressibility factor
B f" ot &f: uired Gy Specilic hest at constantvolume P Preasure (puis) (bar) BHP  Brake horsepower (hp)
by &gﬂm pr :;“1 o D impetler diamater finches) (mmiPg  Dritical prassure {peia) (bay  GHP Ges horswpawer ()
oF tad “m'“" G Weight of mixture Pg  Erakepower (kW) % Efficiency
. Fabricated muitistage 9 Gravitsiional constant . P; Baspowar (kW) $  Flow sostiicient
salsction procedure (922 isec?) Q  Cepacity (otm) (nv/sac) ¥ yiged coeticient
€, Cast casing compressor H o bead L bribm) (Nmvkg) R Gusconstent (1544)(53’4) Subseripts.
e ao;lzdio K Patic of spacific haats {Cp/Cv) ad  Adiabatic process
& ign m‘dm ; b 16 Pound force [ Prassure el 1B/P} ] Poiytropic process
v « c“:“pc’:!m' el numbers ibm  Pound mass T Absolute tamparature . Standard eonditions {14.7 psie,
M gamp sﬁ.m_ ey M Nass fiow (tmrin) (kgisec) (°R % °F « 460} (K = C + 278) 80°F, dry Q) (1.0135 bar
ate Section Mep Motar specitic hent at Yo Critcal temparature {°R) (*K) and 0°C}
A. Fabricatod comprassors constant pressics TR Reduced temperaiure 1 iniet to section
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8. Cast casing M working U Tipspeed (Wsec) (misec) X Ata specific polnt gnfel,
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Il. The Gas Compression Theory

The relationship between the volums, absolute
pressure and absolute temperature of a perfect gas,
based on Charles’ and Boyle's Laws, is: PV = WRT;
or, on a mass basis, Pv = RT,

An important characteristic of gases is spacliic heat.

Specific heat is defined as the amount of heat
(BTWY) (kJ} required to raise the temperature of one
pound (kilogram) of gas one degree Fahrenheit
(Kelvin). The amount varies depending on whether
the gas volume or pressure is kept constant during
the heating process. This is defined by: R = Cp-Cy.
Tha ratio {k} of specific heat of a gas at constant
pressure 1o that at constant volume (Cp/GCy) is used
in gas calculations.

if heat is neither added nor removed from the gas
during compression, the process is defined as
isentropic or adiabatic. The relationship of pressure
and volume for a parfect gas undergoing isentropic
compression is defined as PVX, a constant.

Because many gases do not perfectly obey the
thaoretical laws, the deviation must be accounted
for. The deviation, termed compressibility {Z), is
defined as the ratic of actual gas volume at a given
temperature and pressure to the volume calculated
by the theoretical law {Pv = RT).

The g |

on for ic work is:

-
A tfAom (N

J

=

w

ISEMTROPIC EFFIIENCY Vg

The actuat compression path seldom foliows the
adiabatic process but is generally in the form PV?, a
constant. This is called a polytropic process and is
dafined as reversible with heat transfer.

n is the exponent of polytropic compression and is

found from:

n-1 k=1
n k

where 1 o

_1_}
T

is the polytropic compression efficiency.

Figure 1 shows the relationship between polytropic

and adiabatic efficiency.
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Ill. Determining Z, k, and MW

Before a compressor cycte can be calculated, it is
necessary to know the specific heat ratio, k;
molecular weight, MW, and compressibility, Z, of
the gas. For pure gases or air, these values can be
taken from Figure 2. For a mixture of gases, the
values must be calculated. Mixtures are generally
specified in volumetric or mole percentages.

The properties of the mixture are determined by the
composite properties of the constituent gases.

The values for the compressibility {Z) of gas
mixtures can be calculated if the gas analysis is
known.

Z can be derivad from the rule of corresponding
states using reduced temperature and pressure. To
calculate reduced temperature {TR) and reduced
pressure {PR). see the following information. The
critical constants T, and P, for various gases are
given in Table 1.
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For example, for a gas mixture with a composition (by volume) of 14% ethane, 85% methane and 1%

nitrogen, T¢ and P¢ would be calcuiated as follows:

_.Geses v (%/100) | To Telf vTc |[IWTel| P [P VP [TWRG
Gl 0.14 5501 | 3054 | 7701 | 4278 | 7083 | 488 99.15 | BG83
CH, 0.85 3435 | 1808 G 28200 | 16201 | &731 ; 4631 | 57219 | 2994
N, {ooor opv2 1282 [ 227 126 | 4320 | 38 | 422 | oM
Far mixture T.= 371.28°R [208.03°C) P,=876.27psia (4631 bar)

Using the above values, and assuming gas
conditions of 90°F (30°C) and 124.5 psia (8.5 bar):

T _ A0+460 30+37316

= = =1.48
TR = 77 3713 206.03

P i245 |85
PR = 50 ° &3 aem - OB

Using the calculated values of reduced temperature
and pressure, the value of Z (.98) can be read from
Figure 2, a generalized curve that can be used for
any gas mixture. Figure 3 is a curve directly
showing compressibility factors of natural gas at
various pressures and temperatures.

Ok #E AT

e BT
gy o o

Figure 3
The molecular weight of a gas mixture is equal to
the sum of the products of the proportional volume
of each constituent and its molecuiar waight.

MW = myv, + my, ... + mpvy

A simplified method for finding the ratio of specific
heats {(k} makes use of the molal specific heat Mep
expressed as

Mzp Mzp

T o eaamaa K & e
K™ Wep 108 Weop -0.05

Calcuiation of the properties of a gas mixture can
best be done in tabular form, The following example
determines the properties of a typical natural gas.

vl
Gey | (en0n |
G e e
cit, | oms [IEe
_EI_,_“__E_ oot "ok
Tl {100 § MW emi2 | omgp ez | e

9.237

k® gar—1m 7
38.12
K= sprram 1280

V. Selection Procedure
A. QUALIFYING THE SELECTION PROCEDURE

This procedure is intended to aid the user in
making rapid preliminary compressor selections
and estimating compressor performance. Only
Delaval engineering will issue formal selections.

The method is to be used on a sectional basis. it
examines a gas before it enters and after it lsaves
the compressor or compressor section (Figure 4).
in the case of intercooled or side loaded
compressors, the sections must be dealt with
separately; the section with the largest inlet flow
{Q) governs the frams size.

Figure 4
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B. INPUT DATA REQUIRED

Selection of a compressor frame size and
calculation of perlormancs raquires the following
data: k, Z, MW, P,, P, T, Q,, {or m). if the gas
analysis is provided, values for k, Z, and MW can
be caloufated.

C. METHOD OF CALCULATION

The Delaval process compressor

tine was designed around the concept of
component and performance similarity
throughout the various frame sizes. Using the
non-dimensional impelier flow coefficient { $) as
a basis for determining aerodynamic
performance of an impeller of any size, a
common link between frame sizes resulls. In this
way, theoretical and test data have been
combined to define compressor characteristics
for any size unit. The following procedure utilizes
this approach for compressor selection.

D. FABRICATED MULTI-STAGE SELECTION
PROCEDURE

Steps:

1. Calculate voimetric inlet flow (ACFM) from
aither of the following methods:

a. From mass flow rate (m),

. Zy RTx
ACFMy = vy (M} where vy =

144 Py

b. From moles/hour,
_ {Moles/hour) {MW) (vx)

ACFMy )
¢, From SCFM,
P, Tx) {(Z:
AGFM, = SGFM {Pg) (T {Zx)

{Px) (Ts) (Zs)

- Caloulate volumelric lﬁlot capacity from ailbor
of tha kolbowing methods:

Y

a. From mass tflow rate
Gy = fh {x) whiara vy = 2% E:] =
%,

b, From moleg! o

ax L {Molesshour) (MW) vy
3604

<. From standerd volumetric Inlet low,

_ Qg {Ra) {Tx) {2x}
O = h) (Te) (Za)

Caiculate adiabatic head based on inlet
conditions to section,

[k-!]
[
Had = Z, AT,
ad 1P —

K

3. Estimate discharge temperature (T ) due to
compression cycle'

&k~ 1
E—E;l {assume Myag = .75)
AT =T, T

T, =T, +aT

[

4. Determine minimum frame size from Figure 5.

AMAXIMUM INLET VOLUMES.
DELAVAL FABRICATED COMPRESSOR LINE

w0 -0
0 140
= =
- - 200
e g P Y
<
=
4 —— =
g -
E e o
% ] REes TuNE 50
S
E [T T T bet-20
2
8 {15
H = e
6 o w0
. — )y
Eam %
:3
-
-3
) 2
5] 0 ] 0 ] 8
MOLEGULAR WEIGHT
Figure 5

Footnote:

are 450°F {250°C) for labyrith
seals and 375°F {190°0) for oil face or bushing seals.
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5. Find impeller wheel diameters from following 8. Calcutate inlet and discharge flow coafficients?
tabie
3.056 Qx _ o day
Frame o Frame D {mm) Fx = U tx = 7 UBe
22 13.65" i 347
26 16 245~ 28 413
31 19.287 a 489
ar B2 TS a7 581
44 27 o5 A4 652 MEAD VTR STAGE
52z 325" g2 a2s
g2 385" B2 &78
74 45 6" T4 1158
L] 54,25 B8 1378

6. Determine maximum impetler head per stage
from Figure 6. Minimum number of compressicn
stages required from:

ADIABATIC HEAD PER STAGE it » 10%

3
%
ATPARATL VI AD SR 5 EAGE (e £ %

Had «
No. of sta = e e
908 Head per stage -
-
Round off quantity to the next higher integer. i
7. Calculate tip speed’ -
o= M U= H;.‘d, Yy % ) £ ) E] el
W M M ¥ MLECULAR GRIGHT
Figure 6
Select nominal ¥
M X
8 A5 Footrotes:
18 46 *For initial sizing, fimit tip speed to 00 f/sec {275 m/sec); or
29 48 800 tt/sec (245 misac) if low-yield malerial is required,
y *Discharge How coafficient is i from el
44 50 in this procad is . dfrom jons prior 1o
T4 51 the last stage of compression.

9. Use Figure 7 10 determine first and last stage efficiency and average to get overall efficiency., It & fallsto the
right of the efficiency curve, select a larger frame size. If ¢ falls 1o the far left, select a smaller frame size,

&

STAGE EFFICIENCY
oy

28t

O o <] £ 05 6 oF 08
FLOW COEFRICIENT &

12 B!

PROCESS IMPELLEAS
EFFICIERCY BASED ON 13.66" (347 mm}
IMPELLER DIAMETER

Figure 7



HIBLLER EFFIGIENCY CORBECTION
OF WHEEL
2K SASED ON 1185° 1347man) 453 FEFERENTE.
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1

1) i

BEARAG § SR OIS e A

. nn
TR T TR e
k. 0%
OHEEL LHAMETER — inohingd o

Figure 8

-

10, Correct efficiency for wheel size using

Figure 8.

11, Caiculate compressor running speed

220U
D,

RPM =

12. Calculate horsepower

_&ou
REM =5
.
i~ 1000 [ Taal

b. Determine mechanical losses from Figure
8, {Divide total by 2 if labyrinth end seals

are used.)

¢. Calculate balance drum leakage (2% of

d. BHP = GHP + Mech, losses + balance drum
leakage

Pe = Pr 4 Mech. {ossas + balance drum
legkage

13. Determine casing spiit

The density of the gas and the maximum
working pressure of the compressar will

determine the casing split. The following
chart is provided as a general guide:

Frame i
Size 22-26|H

|
MWF for : 1
|

3?|4-ii 5?}62 T4 88
| ]
hatizen- i
tatly spif

pasing : |
{p=h BIOH: G000 B0 ,45&300@@300]300
{pary EEH PR EF R S EE T
MWW = 1.1 (max, discharge pressure)

i the gas contains over 70% hydrogen, the
casing will be vertically split between 200 to
285 pai (14 to 20 bar) MWP and above.

E. CAST CASING COMPRESSOR BELECTION

Although the calculation method presented in
this section is based on the Delaval fabricated line,
some performance data for cast case unfts can be
caleulated trom the previous procedure. Once
head and inlet flow are determined, the figures
presented on pages 11 and 13 should be used to
select the proper frame size and number of
stages. Impefier dlameter and efficiency
corresponding 1o case size is presented below.

GHP or Py)? MULTISTAGE: . L
P, Caae A2M2 |16/ 16 118 18 MHH‘N'W 3536
e o Maming] [ ;
T4 i Impeifer Dia, | i ;
iy {Incnes) 14 (14 1230 | 23 L3098 ¢ 45
(i 355 | 356 504 | 584 | 7020651143
- ] Avg. Adisnatic | Ty
iTAvA e Eiticieney 78 | 76 |80 B0 ;.81 m2i 82
)4 pd yEd ) ot
/ A4 LA
AL =
1.0 Ve Lt
T i
0

Figure 9
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EINGLESTAGE (opposed nocrion):
e an20l20/24130120 30738
Maminai -
Impetlar Dia. .
(inchos) 181 32 32 3
{mm) 457 {813 miaﬁs
Aug. Adisbatic
Efficiancy B0t .81 521 a4

Note: All single-stage units are available in either
axial iniet or opposed nozzle configurations.
Rafer to factory for axial inlet efficiencies.

Substituting this information for steps 8 through

10 allows a quick estimation of pipeline
compressor performance.

T i AL
T i e 4

P ——

b FT AR

AT i - Al

ALGARTE A T LA -

FRAME SIZE SELECTION FOR SINGLE-STAGE,
OVERHUNG COMPRESSORS

Determine actual inlet flow into the compressor as well
as the total head requirement to find frame size

sl BT T, B

FRAME SIZE SELECTION FOR MULTL-STAGE
CAST CASING COMPRESSORS

Calculate the actual inlet flow into the comipressor
as well as the total head requirements using the
driver speed to determine the correct sizing graph.
Assume a maximum of 10,000-11,000 f.
(30,000-33,000 Nm/kg) of head per stage to pinpoint
the number of compression slages required.
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£. DESIGN CONSIDERATIONS

in many cases, & centrlfugal compressor must be
designed to match sp | process or drivar
requirements. By physical arrangement of inner
compeonents or the casing structure, specific
requirements can be met while stili delivering
maximum performance. Variations include:

Double-flow arrangement which permits the unit
to be smaller in frame size and higher in
rotational speed. The inlet flow Is split in half and
undergoes paraliel compression {see Figure 10).

Figure 10 Figure 11

Back-to-back arranigement of two sections in an
intercooled machine, which keeps hot discharge
ternperatures away from end seals and reduces
or eliminates aerodynamic thrust forces {see
Figure 11).

Oven‘mming the casing and diaphragms, which is
th used to increat compressor
emciency The diffuser plate diameter is
d while impetier di is held
constant.

Uprating flow capacity of the p , which
may only require an increase in speed for smail
changes in flow or an inner bundle change-out
for large variations. Nozzle sizes and Internat
dimensions of the casing will determine the
maximum flow capability of the compressor.
Consult factory for specific information.

Rotational speed, which can be varied by two
methods while the section still produces constant
head,

(a) Addition of ane impeller parmits speed
reduction as shown in the equation

" /J;..
Revised RPM = N+ 1 [RPM]

(b} Wheet triming by reducing the cutside
diameter of the impslier can allow forup toa
10% increase in rotational speed.

G. COMPRESSOR MODEL NUMBERS

Every Delaval centrifugal compressor is
designated by a model number that describes
that particular unit. Typical model numbers (and
their meanings) for process and pipeline-units
are shown below,

Number of stages:
B here designates a vertically
split casing.
C here desi
split casing.
D here indicates double flow.
f““‘"“" L here indicates side load.
K here indicates interstage cooling.
9CK, 28 Subsoript indicates number of
separate cooling stages or side
loads.
Frame size designator

Number of stages
Verticatly split casing
l Inlet/discharge nozzle size
__j:“_ {always denotes a pipeline unit}
Single stage

Axial intet (if applicable)
‘ trilet/discharge nozzle size

— {aiways denotes pipeline unitj
24

a horizontally

535
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V. Sample Calculations (English)

Givan: k =1275,MW=18.12, Z= 88

P = 124.5 psia, P; = 500 psia,
m = 5470 lbm/min
T+ = 90°F = 550°R

Steps: 1544
.98 | 1812 550 _
1. ACEM, = vy v, = =i

ACFM, = 5470 (2.56) = 14000 #t¥/min

R
2. Hag = .08 2] (s50) | 222 = 74460 1t
ad ~ 1B.1Z 124.5 ' .

1275 — 1
1275
3 ]
- 1
3 aT=ss0 [2% | = 2560
1245 .
B
’ 346°

T.= 346°F (no intercooling required)

Tom

4, From Figure 5, inlet flow is close to maximum of
31 frame and well within the range of 37 frame.

5. Wheel diameters 3t —p18.26"
37 ——P22.875"

6. From Figure 8, maximurn head per stage=11,000ft.
Minimum number of stages = 74,460/11,000=6.77

or 7 stages.

. /74,450 (82.2) _
T. U= ——-~——~—~—m (46 863 fi/sec

Conversicn Table

TO OBTAIN MULTIPLY
Inches L]
ft md
ft/zac m/eet
eim m3/h
haad (ft] Nmifkn
Ibmfmin Kgraec
psi bar

hp KWW

By

10,0304
85.31
ok )
Q.5883
0.336

14.22
1341

3.056 (14000}
863 (19.25%

According to Figure 7, a 31 frame is marginal,

3.056 {14000)
BB3 (22.675)

&, is calculated from Q,

8. &, for 31 frame = =134

&, for 37 frama = = (98

Q; = v,
2 12"312 2,5 N6 loup;donngumm‘rzg
1544
v, = 89 {13 12:] {806) = 944}5_“-1—
144 (500)
Q; = 5470 (.944} = 5166 f¥/min
P2 035

9. From Figure 7:
Mo = TI5 Ve, =775, T avg. = 775
10. Determine impelier efficiency correction from
Figure 8:
1.0078 {.775) = .781

. 229 (883) _
11. RPM = 55875 8640 RPM
’ _ 74480 (5470.) _
12, GHP 33,000 (781) 16,803 hp

Mechanical losses = §1 hp.
BHP = 1.02 (15,808) + B1 = 16,200 hp

13. A discharge pressure of 500 psia correspondsioa
550 psi MWP casing. Therefore, casing is
horizontatly split. Model sefected is a seven-stage,
37-frame horizontally split: 7G37.
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Conversion Table
TO OBTAIN MULTIPLY

mm
ml
mises
mh
Wmikg
kgfsac
har
kw
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Mode! B 12/12
Model B 16/16

Weights and dimensions

Cast Casing Compressors

I

N}7
N

Wfa
EANSZ2 NN
1

\\
oz

E 8IZF TOML (LI
FAAME MAK, A B [ D BLCMGH  DIECHARCE WEEHT MANT, &T
AL W STGES i,  mm | in,  mm mm I~ mm i omm i rem 1k kg B %p
B 112 E 31348 48 1218 2 | EAER 12 MB k3 s 13,000 900 3,080 -]
01818 g 57 1448 45 1200 23 AT 1| G
B 188 L] 103 PA1k | us B 35 | 9t 1A 467 18
B o0 5 105 PEEF 96 2438 130 TED =1 508 )
H 2q78 3 103 2Rd wWe  dsel T45 114 M HI0 24
I E M m me |
064 117 272 AT ITZ 55 B4 H
Rl M m___SE_ L
_Pvadpd 3.9 Bl RN 7T RESEN 9 RiovEl 24 NELM 2
__PE:!_(I.I!}A? o l_____ 102 358% 134 04 B 267 45 1143 X 762 a0
k.

PUshss 1 M 2T 144 338 e 28420 &1 THE X M

J-L._.L
L

& KA\

Model B 18/18 Modeat B 24/24

Model 8 20/20 Model B 30/30 gy
Mods! B 36/36 Model “PV” Series

Note: Axial inlat (PVA type compressor} 1"
is locatad in end cover at § of shaft.
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B.4 SHORTCUT (GRAPHICAL) METHOD OF DETERMINING
APPROXIMATE PERFORMANCE OF SULZER CENTRIFUGAL
COMPRESSORS*

The calculation procedures given in the following pages permit

To determine:

Using:

The following factors, symbols and indices are also used:

Indices

How to Use the Diagrams

Compressor size and type

* Nominal diameter
* Number of stages
Power input

Speed

Absolute discharge temperature

Mass flow
Suction pressure

Absolute suction temperature

Relative humidity
Discharge pressure
Molecular mass
Isentropic exponent
Compressibility factor

Actual suction volume flow

Absolute humidity

Peripheral speed

Head (polytropic)

Temperature difference
(AT = Tc - Tl)

Intercooling power factor

Suction conditions
Discharge conditions
Dry

Wet

Polytropic

per casing

per group of stages

(between two coolings)

Uncooled

After cooling

Total

Number of casings
Number of intercoolings

D (m)

z

P (kW)

n (r/min)
T, (K)

m (kg/s)

py (bar abs)
T) (K)

b1 (%)

P, (bar abs)
M (kg/kmol)
k

zZ

V, (m3/s)
x

u (m/s)

h, (KJ/kg)

AT (K)

*

\'N"ﬂq

A guide to the selection diagrams and two examples are given

in Table B.1, one with air in one casing, the other with gas in two casings.

*These graphical methods are intended for screening studies only. Contact the manufacturer for more definitive
layout and performance prediction.
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Diagram 1 Magram 2
Determinaton af the absalele bumidily x Do al te tele e mass My
e My v of 1he wat gag -+ 8| - M)



APPENDIX B

542

" Umag!

I3
by

Datermination af the max permissio)

L

podphem| spead by (T K -

Bolpeopic sad b,
r

= B My~ Ty~ h

Deterreination of the
-+ palpn—



SHORTCUT CALCULATIONS AND SELECTION PROCEDURES 543

Diagram 5 IMagxam &
Determinaton of the cbtaineble pol ic Determuostion of the mflvence of intes- Syp
naed pet caelmg by mee (Binax ™ Mpd: e cooling on the required shaft powes fiptercoalings par casing i — 1)

e K- AT — T -+ astimated numbwr
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T
Detemination of the vrearuze 1ato per
wasing po/plk:

Diagram B
Traterminstisn af e ounbar of slages £ From determined wnth Disgram 3, enmact peripheral spesd aceerdingly
of the compraasar by « 2-0 w0l :nunduﬁﬂﬁﬁ to the whole numlar and
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Piagram
Deeterrmination of the actual sucton
volurma Wy (mp - p; T, == M-+ B+ Wy
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Diagram 10

~ gunricn woknns (nde) and
nerohersl speat (i)

whare ¥y

e

Wy
7

Selection of the compressor size: gominal

diametes 1 {on) as e hiechon of

Diagram i1

the poseer topat B

Determinatian of |
Mg = g = F)
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&

iR pic expenent

W=

Ti—+TD

K-

Driagram 12
Distesmiintan of fe SGischarge
Tz (e

remperatie
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