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Ns = Specific Speed

Q = Actual Flow, ACFS

N = Speed, RPM
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D = ﬁpeller Diameter, Inches
U = Tip Velocity, FPM
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EQUATION FOR POLYTROPIC HEAD

R T1 Zavg |:|2 m
Hp = — = -1
m P1

K-1 n-1
m =-— also —
Kn, so —
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INLET CONDITIONS:
I’HE'S_SURE 14.5 PSIA (1.02kgicm')
TEMP. TD4°F (40°C).

8 AVG. "' 4L VALUE 0.55
o TIP VELOCITY 750 fiisec (230 mis) PROPANE, MW = 24,08
5 POLYTROPICEFF. 75%
&
z
5 ¢
@ ETHANE, MW = 30.07
g
E o AR, MW = 28.57
3} o HATURAL GAS;

: - MW = 177023 APPROX.
2 = = =
1 2 B s 5 H
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COMPRESSION RATIO VS. NUMBER OF STAGES
UNCOOLED CENTRIFUGAL COMPRESSOR
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List of the compressors available in Oil Industry Cud) Camius S 39290 (5l jguw paoS S

Manufacturer South Fields NILG.C. Offshore Petrochem Refineries Total Total
No | Model Power ]Qummy Power |.Quamizy Power I_Quamity Power [Quanzfzgv Power IQuanmy OQuantity| | MW
1.A4.C COMP. (U.S.A)

1| 200L3 0960 | 3 3 2.880

2 1350 | 1 1 1.350
2.ALLIS CHALMERS. (U.S.A)

1] 128 | 0208 | 4 | | [ | [ [ | \ | [ 4 1.192
3. ATLAS COPCO (BELGIUM)

1| ZR6-57/1-PN [ o602 8 8 4.816

2| z6 0837 | 4 4 3.348

3 | ZReM

4 | ZR6-98

5 | BP3 0.015 | 1 1 0.015

6 | ZR4.57 250 1 1 250
4. ATLAS COPCO (GERMANY)

1| NR.320 AIR 4 4

2 | GTO32TIDI 0460 | 2 2 0.920
5.ADDC (U.S.A)

1 [ DH7JM | | ] | | | | 2763 1 | | | 2.763 |
6.AMINCO (U.S.4)

1 [ A34ccv ] | ] | | | | | Jooa] 1 ]| [ 1 0.014 |
7.AIR PACK (HOLLAND)

1 [ wps-L ] | [ | | | [0004 [ 1 | | | 0.004
8. ALFA LAVAI (INDIA)

1] B.26 i | [ | | | | 250 | 3 | | | B 750
9. AWAMURA (JAPAN)

1 | 100ANC 46 2 2 92
8ANC 2 2
10.BORSIG(GERMANY)

1| Gecor10/4 3344 | 4 4 13.376

2 12 8 8 96

3 2756 | 2 2 5.512

4 2755 | 2 2 5.510

5 0.164 | 3 3 0.492

6 3123 | 9 a 9 | 28107

7 | GA355-2 0693 | 2 2 1.386

8 | GA355-4 0819 | 2 2 1.638

9 | GA600-7 3925 | 3 3 | |#778
11.BURTON CORBLIN(U.K)

1| P101 M82CS 0.007 | 1 1 0.007

2 | 2XD166HGB.5/2..5 0.128 | 1 1 0.128

Y




List of the compressors available in Oil Industry

Cady Cawiis S 39290 (5o g ju0S Cuuad

Manufacturer South Fields N.LG.C. Offshore Petrochem Refineries Toral Total
No Model Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| |Quantity| | MW
3 | D123Lc2.5 0.015 | 1 0] 0.015
4 | P259hg 8.9 1 1 8.9
12. BURTON CORBLIN (FRANCE)
1| A34c85 0.97 1 i 0.97
2 | 205HEG 0132 | 1 1 0.132
13. BURTON CORBLIN (JAPAN)
P27H360CH 1 9
2 | P207M190CSH 2 Z
14. BROOMWADE (U.K)
1| V.MAYOR 1500 | | | { | | [0272] 8 [ 0.272
15. BRYANDONKIN (U.K)
1| VO.RF ] | [ ] [039 | 1 ] | [ 039 |
16. BURCHARDT (SUISSE)
1| V.532-313 | | | | | 20 | 2 ] [ iz 40 |
17. BRISSONIAU (FRANCE)
1| C-1401 | | ] | [ 006 | 3 | [ [ 3 | [o0180]
18. CALIFORNIA (U.S.A)
1| 400 [ 2833 2 | \ | ] [ | [ | 2 | |[s5668]
19. COOPER-B (CANADA)
+ [Re28 | [ o5 [ s e I | [EEE 5]
20. COOPER (GERMANY)
] | [ ] T [ Tosw] ] [ [os
21. COOPER BESSEMER (U.K)
1| RC7-65 1.348 1 | | 0348
2 | RC6-55 0.255 EE 0285
3 | TA-28M30 300 2 2 600
22. COOPER PENJAX (U.5.A)
1 [ HoE 0.260 3 | [o780
2 | aFccp 0.074 3 | | 0222
23. COOPER (U.S.A4)
REC/QE 1.15 7 7 | | 8050
2 | 70H4C30 1.25 5 5 6.250
24. CONSOLIDATED PENOMATIC (U.K) 8 |
1| YCE 0275 | 5 5 1.375
2 | TEO-B2 0044 | 3 3| [ona2
3| TE 0211 | 6 | 6 | | 1.266
4 | TE22 0.130 | 2 2 | | 0260
5| TVE 0.074 | 2 | s
6 | FEO-22 0372 | 1 G e




List of the compressors available in Oil Industry

Cuds Camio S 39290 (5o jguw puaS S

Manufacturer South Fields N.LG.C. Offshore Petrochem Refineries Total Total
No Model Power I Quantity| Power IQuamity Power |Quantity| Power I?Quﬁ'nﬁé} Power I:Quﬂ?i-lil}': Quantity MW
25. CORKEN (U.S.A)
1| DC 290 ] | | | | | | | 2787 ] 1 | [BE 2.787 |
26. CORBLIN (FRANCE)
gz [ | [ T T T T T T T 1] B |
27. CHICAGO (U.S.A)
0 7 N N N I N N N S e
28. CRESTAR (FRANCE)
[(rizos | | [ 1 T [ T T=27 T | B |
29. CLARK (U.S.4)
1| TCVA-16 45 15 15 67.500
2 | 24-24 6.5 8 8 52
3 | 655PI Tk 2 2 | |24.600
4 | 4MB 8.8 6 6 52.800
5 | 2BF5 2.277 1 1 2.277
6 | 2BF4 1 1
7 | 2BF5-4 1230 | 3 3 3,690
8 | ISOAC-4 0782 | 2 3 1.564
9 873 1 1 873
10 | 2BA4 1 1
11 | GENT/GT 7.2 3 3 21.600
12 | AMDF3/3 3.26 1 1 3.26
13 | 3M8/6 4.665 1 1 4.665
14 | 3M10/10 3.919 1 1 3.919
15 | 4M9/7 9.31 1 1 9.31
16 | 2M10/9 1.70 1 1 1.70
30. CLARK (FRANCE)
2M9/7 4026 | 3 3 12.078
2 | 2.10.1707 17.3 2 2 34.600
31 CLARK (U.K)
1 [2wo6 [ 3 [ [ [ T [ [ T T ] [ (e
32. DOTT.ING.R (ITALY)
1| CL100.CRN | | | | y | | 094 | 33| | | | 3 2.820 |
33. DAVID SON (SCOTLAND)
1 [Fo [ [ T T T T T T Jome] > [HEH |55
34. DECARDENAS (ITALY)
R11/A1 0.113 2 2 0.226
2 | 1235A1 0.223 1 1 0.223




List of the compressors available in Oil Industry

Cadd Cumiuo S 39290 (5l jgun juoS

Manufuacturer South Fields N.LG.C. Offshore Petrochem Refineries Total Total

No Model Power |Quantity| Power IQuamily Bover | Quantity| Power |Quamz'ty Power fQ:mnri.ry OQuaniity| | Mw
35. DE LAVAL (HOLLAND)

1| 8B22 1.783 1 1.783

2 | 9B22 1.826 3 3 5478

3| 5C22 0.384 2 2 0.768

4 | 5B22 1.047 1 1 1.047

5| 7C1218 4.026 3 3 12.078

6 | 9B23 2.380 4 9.520

7 | 7CL231 3,262 3 3 9.786
36. DE MAG (GERMANY)

1| SEZ2-04 0.152 1 1 0.152

2 | SEZ04.5 1 1

3 | CE204-5 1 1

4 | SEZ5-04 2 2

5 | 0BMVT7A 1 19.1 1 1 19.1

6 | 06MV7B 42.3 1 1 42.3

7 | BF.24 0.306 1 1 - 0.308
37. DE NORA (ITALY)

1 [V2s [ ] | | [¢e T 1 | B
38.DRESSER RAND (U.S.A)

1| 553P3 3 7 7 21

2 | 4HHE13/VK 2.872 1 1 2.872
39. DRESSER RAND (JAPAN)

1| 2BF5 2.550 1 i 2.550

2 | BTD-CCI 0.760 2 2 - 1.520
40. DRESSER RAND (FRANCE)

1| 553B9 7 1 1 7

2 | 2BF8 8 1 1 8

3 | 2BF8/6 9 1 1 9

4 | C-101X 4.052 1 1 4.052

5 | C-102X 1.864 1 1 1.864

6 | C-201X 3.250 1 1 3.250

7 | C-202X 1.864 1 ) 1 1.864

8 | C-301X 4.052 1 1 4.052

9 | c-302X 1.856 1 1 1.856
41. DRESSER RAND (ITALY)

1 | HBB10.8XX9B 0.141 2 7 0.282

2 | BDCB 0.425 1. 1 0.425
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List of the compressors available in Oil Industry il JS 39290 GuJ,m_..,.as Cau)
Manufacturer South Fields N.ILG.C. Offshore Petrochem Refineries Total Total
No Model Power [-Q’mmiry Pom;[:Quamity Pawer ]Qu'anmw Power ‘ Quantity| Power IQucmmy Quamz'm} MW
42. DRESSER (GERMANY)
1 [ TNB280 | | | } [ | o250 | 2 | | | 0.500
43. DRESSER CLARK (ITALY)
1| 2BC34 | [ | [ | | | [ 1011 | 1 | [ 1.011
44. DRESSER RAND (U.K)
1| 4HHE.FB.3 0449 | 6 6 2,694
2 | 6-PHE 0.018 1 10| [‘oions
3 | 8DC8 % 0260 | 1 1 0.260
4 | 2-BDC8 % 0386 | 1 1 0.326
5 | 8.5BD/CH-4 0.145 | 4 4 0.580
6 | 2.HHE.FA-1 0215 | 1 1 0.215
7 | BDC8 %H 0.347 | 1 1 0.347
8 | BHHE-VL-3 4455 | 6 6 26.730
9 | HME-4VL 3.364 2 2 6.728
10 | 2.85BDC-L-NL 1 1 ’
45. EBARA (JAPAN)
1| 29M76 1.600 | 1 1 1.600
2 | 38M61 SBPG15 1 1 '
3 | 20MB7 1.300 1 1 1.300
4 | 20MB4 0.600 | 1 1 0.600
46. ELLIOT (JAPAN)
1 [ 20m9-7 l | [ 19 [ 3 ] | ] | [ I | [ 38 | [5700]
47. ELLIOT (U.S.A)
1| 38M6 1070 | 7 7 - 7.490
2 | 38MB9 10760 2 2 | |21.520
3 | 38MB 6614 | 2 2 | |13.228
4 | D315L1573300 0.160 | 2 2 0.320
5 | 38M6 0.700 1 1 0.700
6|75 0.160 1 1 | | 0.160
7 | 1976 0.160 | 1 1 0.160
8 | 29-M8/51 0.596 1 | 0.596
48. ESCHERWYSS (SUISSE)
1| 58/6GT | | . | | | 086 | 1 | | | |1 0.86
49. E.SEHMER (GERMANY)
1| c-365/1 | | | [ | ] | 484 | 2 | | | [ 2 9.680 |
50.FINCAN. DRESSER (ITALY)
1| 55387 [ j [ [ | | | | [1303] 1 | [ ] [1308

rv ....... :




List of the compressors available in Oil Industry

cd&-:.aho.,.s:g?gn‘sln_;g.w}#nsw

Manufacturer South Fields NILG.C. Offshore Petrochem Refineries Total Total
No Model Power I'Quam.iw Power IQHBHH'DJ Power ]Quanﬁty Power |Qu.ﬂﬂti?3»’ Power |Quan!iiJz QOuantity! MW
51. G.H.H (GERMANY)
1| GRT5/3 1834 | 3 3 5.502
2 | C-365/5,6 0974 | 2 2 1.948
3 | 1602 0.38 1 1 0.38
4 | 1601 6.33 1 1 6.33
5 | TKDZ7/6,2 6 1 1 6
6 | GS5-517 4.89 1 1 4.89
7 | AK8/15L151 7 1 1 7
8 | GKNS5,5/2 6 1 1 6
9 | TKDZ8/6 8325 | 2 2 16.650
10 | TKD®6/5 10.31 2 2 20.620
11 | GRT,3.5/7 1552 | 1 1 1.552
52. GRASSO (HOLLAND)
1 | KRC7211 | | | ] [ | @ } | =
53. G.E.C
1| GTGFROME56 | | | | | 27 | 2 | | 54
54, HOFF MAN (U.S.A)
1 | 38407A 0.111 1 1 0.111
2 | 77105 0335 | 1 1 0.335
55. HITACHI (JAPAN)
1 | ETG FRONES 23 2 46
2 | GTGFROMES5 27 2 2 54
56. HOWDEN (SCOTLAND)
1 0114 | 2 2 0.228
2 0.471 2 2 0.942
3 0.090 | 2 2 0.180
4 0319 | 2 2 0.638
5 0.120 2 2 0.240
6 0.571 2 2 1.142
57. HAM WORTHY (U.K)
1 [ 651.AIR | } | | | K | | [
58. INGERSOLL-RAND (U.S.A) P
1| 675L145 2237 | 1 > 1 2.237
2 | 787L165 2237 | 1 1 2.237
3 | 787L135 2237 | 1 1 2.237
4 | 7871200 2237 | 1 i 2.237
5 | 675LH5 2237 | 1 1 2.237




List of the compressors available in Oil Industry Cud) Caniuo S 39290 (5l g jueS Cuuy

Manufacturer South Fields N.LG.C. Offshore Petrochem R'e}_'.'l"fl eries Toral Total
No Model Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity Quantity| | MW
6 | 40H5 0055 | 2 2 0.110
7 | ESH.N1.2.407IN 1 1
15-6HHE-5-2 1538 | 2 7 3.076
59. INGERSOLL-RAND (FRANCE)
1] v.336 | } | } | | [ 097 [ 1 | | | [ 0.97
60. INGERSOL-RAND (HOLLAND) :
C700 38 5 5 19
IHE3 0076 | 1 1 0.076
0037 | 2 2 0.074
61. JOY (U.S.A)
1| wGoes 0.029 | 1 1 | | 0.029
2 | TA30M30H2 0487 | 3 3 1.461
3 | TA-26-M4/30 0470 | 3 3 1.410
62. JOY (U.K)
1| REC | ] | ] | | [ 0112 [ 6 | | | [ & 0.672
63. KOBE (JAPAN)
1 | BHTGH 1 ]
2 | DH7 1700 | 1 1 | | 1700
3 | KS20MZ-16 320 1 7 320
64. LEYBOLD (GERMANY)
1 [ TRIvALS408 | | | [ | [ EEEN | N R
65. MAN G.H.H (GERMANY)
1 | RHO40/06 8.16 1 1 8.16
2 | RH080/04 8.16 1 1 8.16
66. MANGUTEHOF (GERMANY)
SKUEL321 | | | | | | | [ 1 | R
67. MITSUBISHI (JAPAN)
1 | RHO35108 1.8 1 5 1.8
2 | 362-B9-1 10945 1 1 | [10.945
3 | 4638413 10.945 | 1 1 10.945
4 | 3MX9-7 4617 | 1 1 | 4.617
5 | 3Mx9-8 4617 | 1B 1| | 4817
6 | 2608B5/4 6.197 | 1 1 6.197
7 | 3m8.7 6.197 | 1 4 6.197
68. MYOOM (JAPAN)
1| TF775/320 | | | | | { [ 050 [ 1 | \ | [t 950




List of the compressors available in Oil Industry Cadd Curiuo S 39290 (5l jguw oS S
Manufacturer South Fields N.LG.C. Offshere Petrochem Refineries Total Total
No Model Power ]Quarz_rity Power IQuanﬁry Power |thmia§v Power \Qrmmity Power |"Quanriry QOuantity MW
69. MAYE KAWA (JAPAN)
1| TE80125 [ | | [ | 538 | 2 | | | | 2 | [107.209
70. NEVMACH (RUSSIA)
1 | 260-13-1 10 25 25 250
2 | 370-16-1 10 9 9 90
71.NASH-HYTOR (U.S.4)
1] He | | | | [ | o007 | 1 | 1 0.007
72. NELMANESSER (GERMANY)
1 | 20C-1025 0.575 2 2 1.150
2 | 20-C-1023 0.320 2 2 0.640
73. NUOVO PIGNONE (ITALT)
1 | PCL802-3 28 4 4 11.200
2 | BCLBO05 28 5 14
3 | BCL404/B 2.660 4 4 10.640
4 | 2.BCL409 0.019 2 2 0.038
5 | 4HE/2 2.500 3 5 7.500
6 | 3HE3 1.230 3 3 3.690
7 | DCL302 0.680 1 1 0.680
8 | 4HP3 2.249 3 3 6.747
9 | BOL303/A 1.859 1 1 1.859
10 | 2MCL607 4 1 1 4
11 | 2BCL306/A 4 1 1 4
12 | 2HC/I2 0.315 1 1 0.315
13 | 2HE/2 1.092 4 4 4.368
14 | DMCL-524 1.568 1 1 1.568
15 | 2MCL-525 2.865 1 1 2.865
16 | 2BCL408 2.815 1 1 2.815
17 | 3MCL805 5.304 1 1 5.304
18 | 3MCL458 1.718 1 1 1.718
19 | 2HA-2 0.8 2 2 1.6
20 | 4HA-3 16 1 1 1.6
21 | 2HA12 011 | 2 & 2 0.220
22 | 2HB-2 1.2 2 2 2.400
23 | DA-1 0.435 2 2 0.870
24 | 4HA/3 123 1 1 123
25 | OA/1 100 2 2 200




List of the compressors available in Oil Industry

Cudy Canis S 39290 (5l g oS S

Manufacturer South Fields N.LG.C. Offshore Petrochem Refineries Total Total

No Model Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| |Quantity| | MW

26 | SRL601 235 1 1 235

27 | 2HA2 470 1 1 470

28 | 2HB/2 0127 | 2 2 0.254

29 | 0z 0.155 | 2 2 0.310

30 | 2BVIN/3 0.090 | 1 1 0.090
74. NEUMAN (GERMANY)

1 0052 | 2 2 0.104

2 | V85-370/220 0.052 1 0.052
75. OA (U.S.A4)

1 [ \ | [ | | [119] 1 | [ 1.119
76. PBROTHER.H (U.K)

1 | 40825 14 2 2 2.8

2 | 1B1 0299 | 1 1 0.299
77. SPENCER (U.S.4)

1 | 20.10SH 0.003 | 1 i 0.003

2 | D.51 1 1
78. SUNDYNE (U.S.4)

1| LMC314 0042 | 1 1 0.042

2 | LMC315 0042 | 1 1 0,042

3 | LMC316 0.042 | 1 1 0.042

4| LMC313 0.042 | 1 1 0.042
79. SUTROBILT (U.S.A)

1| 1024v3200 | | } | | | [oo74a | 1 | [ 1 0.074 |
80. SFAC (FRANCE)

1| v-32-M12 0.16 2 2 0.32

2 | FM4 0.66 1 1 0.66
FN5 0.54 1 1 0.54
81. SULZER (SUISSE)

1 | K-140-2A 0254 | 2 2 0.508

2 | 1D100-1B 0.044 | 3 3 0.132

3 | 4D250-2G 0.844 | 3 3 2532

4 | 10-130-1A 0073 | 3, 3 0.219
82. SIEMENS (GERMANY) >

1 | 2BK3280-32 0.100 | 2 2 0.200

2 | 2BG4180-97 0125 | 2 2 0.250
83. SIHI (ITALY)

1 | KPHY80540 88 1 1 88

2 | KPHY65212 39 1 1 39
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Manufacturer South Fields N.ILG.C. Offshore Petrochem | Refineries Total Total
No Model Power IQuantisy Power IQuanrity Power |Quanzi_!y Pawer I-thﬂﬁ!y Pawer I'Qutszty Quantity MW
84. SIAD (ITALY)
1 | WS1/100-A1 405 2 2 81
2 | WS1/065-A1 25.7 2 2 51.400
3 | WS1/003-A1 1.2 2 2 2.400
4 | WS1/030-A1 235 1 1 23.05
5 | WS1/100-A1 34 1 1 34
6 | TS1/015-A1 5 1 1 5
7 | WS1/045-B2 0.022 1 1 0.022
8 | WS2/250-A2 0.061 1 1 0.061
85. SABROE (JAPAN)
1 VMY436-HAT | [ [ | | | [ 655 [ 1 | | | R 655
86. SOLAR (U.S.4)
1 | 4002 1.186 6 6 7.116
2 | C3165 0.521 2 2 1.042
3| C3166 1.789 2 2 3.578
4 | C-1683 0.089 1 1 0.089
5| C-1685 0.366 2 2 0.732
6 | C-1686 1.348 1 1 1.348
7 | C-1688 1.462 2 2 2.924
8 | C1688-516-AT 0.104 1 1 0.104
9 | 1688-2562-AT 0.420 1 1 0.420
10 | 1686-2549-AT 0.597 3 3 1.791
11 | C1685-533-AT 0.104 2 e 0.208
12 | 1698-2562-AT 0.420 1 1 0.420
13 | 1686-2594-AT 0.597 1 1 0.597
14 | C1683-505-AT 0.109 3 3 0.327
15 | 1686-2546-AT 0.238 3 3 0.714
16 | 1687-2554-AT 1.090 3 3 3.270
17 | C334-HAB 8.300 5 5 41.500
18 | C.1607GKA 6.300 5 500 131500
19 | €.3065 1.439 3 3 4.317
20 | C.1683 0.173 4 4 0.692
21 | C.1685 0.606 4 a4 4 2424
22 | 1688 1.068 4 4 4.272
23 | C.3065 2676 4 4 10.704
87. SOLAR (U.K)
1| C3043 | 2874 3 ] [ | | | | | | | | 3 8.622 |
88. SUMY (UKRAINE)
1 [ePust6 [ T Telsel [ T T T T | e
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309: TOTAL No. OF Models

Manufacturer South Fields N.ILG.C. Offshore Petrochem Refineries Total Total
No Model Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| Power |Quantity| |Quantity| | MW
2| GPU.16 13 | 4 4 45.200
3 | GC2-6-3147 6.3 4 4 25.200
89. THERMADYNE (FRANCE)
1| RB.5-8B [ 1000 [ 3 | \ ] | | | } | 3.270 |
90. THOME CREPELE (U.K)
1 | 3HX27 | | | ] | | | | 3 | 3 | 3 105 |
91. TECHNOFRIGO (ITALY)
PM1-125X9018 0.093 2 0.186
2 | 125X90-6NH3 0.093 3 0.279
92. THOMASSEN
1| 46M8 [1845] 1 ] | | ] | | | | [ 1.845
93. WORTHINGTON (U.S.A4)
1| cLB22 % 0.605 | 1 1 0.605
2 | cLB12 0605 | 1 1 0.605
3 | CLB6H2 0.605 | 1 1 0.605
4 | ML-17-20 6 4 4 24
94. WORTHINGTON (FRANCE)
1| BDCD [ | | | | [ [ 0067 | 8 | | | 8 0.536 |
95. WILLIAMS JAMES (U.K)
1| GS2843-1 ] | | | | | | [ooasa | 1 | [ 4 0.044 |
96. WESTINGHOUSE (U.S.A)
1 | 4049-CHO 0378 | 3 3 1.134
2 | 5054-CH 0602 | 8 8 4.816
97. YORK (FRANCE)
1| 16XA880 | [ | | [ [ o1 | 2 | [ | 2 0.22
98. YORK (U.S.A)
M626A 1744 | 1 1 1.744
2 | M-526A 1818 | 3 g 5.454
99. ROOTS (U.S.A)
ifeves [ [ [ T [ [T T BB
100. BARON COMPRESSOR (LR.)
BH5010 038 | 1 1 0.38
BH6516 005 | 4 4 0.2
100: TOTAL No. OF Manufacturers #3 TOTAL 680 9776.387
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According to the latest researches and surveys
made by this company, man has enjoyed the
energy of compressed fluids in various forms for
thousands of years. Man employed this energy
for creating fire. Among we can mention the
most primary pneumatic tool which was made as
an arrow with the reactionary blowing of
compressed air. This arrow was used for
throwing at a hunt with the energy of the
compressed air. In the passage of time, man was
required to change the state of metals by melting
itata temperature of 1000 degrees centigrade.
This could not be realized unless air blowing
was applied to it. Use of the blowing .
air dates back to the time of the Sumerians . This
was an inception of the emergence of the
technology in the world. After that new demands
for this energy resulted in the invention of the
first compressor with the design and form of a
moving machine appended with traditional
blowers. This primary compressor was changed
by John Smitane compressor with water moving
engine and wooden valves in 1762 A.D. A few
years laterin 1776 A. D the first compressor with
cast- iron cylinder and a steam moving engine
was manufactured by John Wilkinson, which
led to great developments in the tunnel
construction and metals melting industries.
After the discovery of oil, man was required to
refine, analyze and synthesize the oil for the
production of wvarious oil products. This
discovery brought about another development
and new design of the compressor for air and gas
compression. With new styles of consumption in
life, compressors became more important and
sophisticated in the oil industries. For this
reason, more designers and manufacturer in the
world became interested in the compressor
manufacturing industry. Iran showed interest in
this industry as well .

There 1s a long history of the manufacturing of
industrial compressors in Iran. For this reason a
short history of compressor in Iran is presented

As follows:

History of Compressor Manufacturing in
Iran:

After the introduction of compressors in the
various oil and textile industries in Iran which
are considered the first industries, repair shop in
Isfahan under the title of Barani, managed to
design and manufacture a compressor (Figure 1)
with a low capacity in 1956 (1335) after five
years of consistent efforts in Isfahan where
various industries were in process of formation
and establishment. This manufacture was
officially recorded in the history of national
industry of Tran under Reg 1343-6430-48-1-500
(baron co).

Despite all crises in the years of 1964 - 2003
(1343 -1382) this industry was followed with
persistent efforts as a national goal. This
industry was developed and promoted to the
manufacturing of gas and air compressors with
the capacity of 100 cubic meters per minute and
the pressure of 1 - 600 Bars of oil-free type
according to API Standard and full fundamental
design (Figure 2) This manufacture has met a
part of the industrial demands and requirements
in Iran.

_ Figure1- Typical of first
Compressor Design in Iran




In the years of 2090-2003 (1379-82), with
effective support, consistent follow-up actions
and persistent efforts of Kalay-e-Naft-e-Tehran
Company and National Iranian Gas Company
and hardworking and experienced experts of the
Ministry of Oil, new developments were
introduced for the compressor technology
transfer by establishing Oil Turbo Compressor
Company (OTC) with the aim of turbo-
compressors technology transfer with the

capacity of 25 Megawatts for meeting some
demands of the National Iranian Gas Company
Which has been another stride taken towards the
promotion of technical know-how and
manufacturing potential in Iran.
Backed by Kalay-e-Naft-e-Tehran Company
and Jahan-Haffar-Energy Company, Baron
Company has managed to take an effective end
fundamental stride to realize the following aims
in cooperation with the foreign partners:
I Transfer of reverse engineering technology in
the manufacturing of parts for the process
compressors and utility compressors for
instrumentation;

Modernizing the old compressors;
* Transfer of the manufacturing and engineering
design technology of process compressors
(centrifugal, screw compressors and
reciprocating compressors).

j Reciprocating process H type gas compressor - Design in Iran 2000-2003




1-INTRODUCTION TO
TURBO MACHINERY

1.1. Definition

The term of turbo machine has two separate
words: turbo and machine. Turbo is a word with
a Greek root, which means a generating wheel.
The term of turbo machine is used in the English,
French and German languages in theory and
practice.

A turbomachine is made up of a main
component which has one wheel or more. The
word of wheel may be substituted for a vane or a
rotor. The wheel or wheels are fixed on an axle
with which it rotates The wheel has several
vanes which are symmetrically placed on the
rotating axle. There occurs an exchange of
energy between fluid and the wheel when fluid
passes through the vanes. By this definition, we
shall have two types of turbo machines:

(4 When mechanical energy is transferred from
the wheel to the fluid, the energy of the fluid is
increased.

2 When the energy latent in the fluid is
transferred to the wheel, the wheel starts To
rotate.

The turbomachines of type I are called the
power-receiving turbo machines and those of
type II are called power-giving turbo machines
This power is a mechanical power. Therefore,
turbopumps, turbo wventilators, turbo
compressors, ship vanes, aircraft propellers or
helicopter propellers are of type I and all other
types of the turbines are of type I1.

Although these machines differ widely in
application and internal structure, all are the
same in their main part which is made up of one
rotating wheel or more on it. For this common
main part of these machines, we can base our
general overview of all various turbo machines
on the same principle. Then, we can extend the
equations and relationships resulted from the
study of one turbo machine to other types of
turbo machines.

In this pamphlet, turbo pumps are studied as the
basic type of turbo machines in view of the
extensive application and manufacturing in Iran.
In this way, we can explain other turbo machines
in the future.

1.2. Application of turbo machinery

and their advantages:

Turbo machines were actually developed in
manufacturing, production and application after
World War IT when progress in aerodynamics
was applied to the turbo machines Turbo
machines with high power and efficiency were
entered into the arena of industry, replacing
other machines in most cases. In contrast with
the reciprocating machines in which the
reciprocating movement should be converted
into rotary movement on one hand, and for the
progress made in casting technology, machining
and metallurgical sciences, on the other hand,
turbo machines have been made with high RPM
and huge powers in small sizes. Since no
cylinders and no pistons are used in the turbo
machines turbo machines are extensively used
in industry. In the aircraft manufacturing
ultrasonic and infrasonic turbo machines have
replaced the reciprocating (cylinder-piston)
machines. With using these turbo machines
gigantic airplanes and ‘war planes were
manufactured which are operated at a rate of
speed very much higher than the sound velocity.
In the field of electricity production, the
electricity supplying networks were rapidly
expanded with manufacturing the water, steam
and gas turbines and with establishing power
plant with a capacity of hundreds of Megawatts,.
Today, the diesel gegerators are used only for the
electrical power pr(c)%uction within the range of
Kilowatts.

In the networks for supplying water for cities,
irrigation systems and agricultural purposes,
turbo pumps are used only for water transfer or
drawing water from water wells. In the
petroleum industries, petrochemical industries,




thermal

food industries, and cooling
installations, the compressed air systems in
factories, and ventilation of mines, turbo
compressors ventilators and turbo pumps are
extensively used. In transport industry, turbo
machines have played an important role in
ships, motorized boats and turbo trains.

The Advantages of Turbo machines

1. High power transmission in small size space
and low weight in comparison With other
machines;

2. High efficiency;

3. No need for the conversion of the
reciprocating motion to rotary motion;

4. Low price of the machine in comparison with
useful production power;

5. Continuous exchange of energy between
machine and fluid.

1.3. Classification of Turbo machines

Turbo machines may be classified in various
types in view of various aspects.

Turbo machines can be classified with
considering four aspects:

A.Theroute of fluid motion;

B. Compressibility of fluid;

C. Method of feeding wheel;

D. Direction of exchange of energy.

A.The route of the motion of fluid:
This is the most conventional classification of
turbo machines In this respect,
turbo machines are classified into three types:
Centrifugal turbo machines with radial Flow;
Axial turbo machines;
Semi-centrifugal turbo machines (Mixer turbo
machines).
In the turbo machines of the first type, the inlet
and outlet routes of fluid are perpendicular.
These turbo machines are used for high
pressures in low flow.
In the turbo machines of the second type, fluid
enters the wheel in parallel with the axle and
exits the wheel in parallel with the axle. These

turbo machines are used for low pressures and
high flow.

In the turbo machines of the third type, the inlet
route and outlet route of fluid are in motion as
inclined with each other. These turbo machines
are used for medium pressures and medium
flow.

Figure 1-1 shows three samples of the said
wheels. This classification is of very high
importance in view of the fundamental
difference between the methods applied in the
designing of axial and centrifugal wheels. This
type of classification is not applied to the
impulse turbo machines.

B. Compressibility of Fluid:
Turbo machines may be classified into two types
in view of the property of the compressibility of
the working fluid:

Turbo machines with compressible fluid;

Turbo machines with incompressible fluid.
This type classification is very important in view
of the analysis of the motion of the fluid in these
machines. The various phenomena in the turbo
machines with the compressible fluid may be
studied on the basis of the principal laws of the
fluid mechanics. The turbo machines with
compressible fluid may not be studied without
applying the fundamentals of thermodynamics
and heat transfer. The turbo machines with
incompressible fluid are also called water turbo
machines though the working fluid is not water.
The turbo machines with compressible fluid are
called gas turbo machines and, in some cases,
they are called thermal turbo machines It should
be noted that the ventilators with low pressure
are categorized as the turbo machines with
incompressible fluid although they transfer the
compressibleﬁi’luid. The reason is that the
changes in the specific mass are actually slight
in them. In this classification we would better
substitute fluid flow for the fluid.

C.Method of feeding the wheel:
There is another classification among turbines.
If fluid enters the wheel through all the surface



of the wheel, the turbine will be called as the
complete feeding type. If the fluid enters one
part or more of the surface of the wheel, they will
be called turbo machines with partial feeding.
The turbo machines with partial feeding are
called impulse turbines, because the static
pressure of the fluid is stable while passing
through the wheel and the atmosphere pressure
is applied to the wheel.

In the turbo machines with complete feeding,
the static pressure of the fluid varies from entry
point to exit point. For this reason, these types of
machines are called reaction machines. Today,
most of the turbo machines are of the reaction
type and of the complete feeding. One of the
impulse turbo machines which has high
cfficiency as an alternative is the Pelton turbine.
The oldest type of impulse turbo machines is
water wheel which used to be installed on the
route of rivers for energy supplying. The water
wheel was rotated with the stream of water.
Today, the water wheel is not used any longer.

D. Direction of the Energy Conversion

As already said, if the kinetic energy and
potential energy of the fluid are transferred to the
wheel for producing mechanical power, we shall
have power giving turbo machines If the
mechanical energy on the axle is transferred to
the fluid through the wheel, causing an increase
in pressure and velocity of the fluid, we shall
have power receiving turbo machines. All
turbines are of the first type of turbo machines
and others are of the second type. There are other
types of classification on the basis of the
internal structure of turbo machines and the type
of applications. These types of classification are
not of general purpose. Each classification is
usually applied to any special machine. For
example, ventilators are called suction
ventilators or blowing ventilators or suction-
blowing ventilators, depending on the point of
its installation in the circuit.

Similarly, pumps are classified on the basis of
the operation and/or installation of them.

c. Axial wheel

b. Semi-centrifugal wheel

a. Centrifugal wheel

Figure 1-1. Three samples of the wheels of turbo machines




In summary, we can say each of these
classifications can be useful in any specific
application. The classifications type A and type
B are of general purpose and are emphasized
more.

1-4, Structure of Turbo machines

Turbo machines are called one-storey or
multiple-storey, depending on having one or
several wheels.

One-storey turbo machine is at most made up of
four parts:

(1 Guide part;

2 Wheel;

I3 Diffuser and/or nozzle;

|4 Collector.

In view of the internal structure, the principal
part of one turbo machine is its revolving part.
This revolving part is called wheel or runner in
water turbines, and impeller in turbo pumps and
rotor in the compressors, steam turbines and gas
turbines.

Turbo machines need to have other components
for completing the process of the energy
exchange and for a good efficiency. The
appropriate feeding the wheel, and in other
words, uniform distribution of fluid on the
wheel will play an important role in the
efficiency of the wheel.

The guide part of the machine will be
responsible for the appropriate velocity at the
entry point of the wheel. The fluid expelling
from the wheel will be collected by the collector.
Sometimes it is necessary to change the flow
specifications. For example, the kinetic energy
may be converted into pressure energy in which
a nozzle or a diffuser may be used. In general,
one turbo machine has four main hydraulic
parts. Except for the wheel which is a main and
indispensable part of a turbo machine other parts
of the turbo machine are different in importance.
For this reason, the structure of one machine is
different for another machine. We can explain
this matter with some examples.

In a conventional centrifugal pump, the guide
partis a simple pipe which directs water from

the pump to the wheel (Figure 1-2). The energy
of the fluid is of both kinetic and potential forms
when it exits the wheel. Since the fluid transfer
with low velocity and high pressure has higher
efficiency than that of the fluid transfer with
high velocity and low pressure, the main part of
the kinetic energy of the water expelled from the
wheel should be transferred to the pressure
energy (the drop in pressure is in proportion to
the square velocity). A diffuser which is a spiral
cavity constituting two parallel walls placed at
the outlet of the wheel is responsible for this
energy conversion. The collector of the pump is
a casing with a spiral cross-section called a
spiral cup in which the fluid is collected
symmetrically from the periphery of the diffuser
to be directed to the outlet of the Pump.

Contrary to the centrifugal pump, in the Francis
turbine, water first enters the spiral cup which is
responsible for the uniform distribution of
debby around the periphery of the guide vane.
For this reason, it can be called as the distributor.
Two guide vanes comprising the fixed and
adjustable vanes provide the appropriate
direction of the inlet flow to be correctly
contacted with the wheel vanes in proportion
with the various debby (Figure 1-6). Therefore,
the spiral cup and two guide vanes are regarded
as the guide of the turbine. At the same turbine,
fluid may be accelerated between the vanes of
the guide wheel, functioning as the guide of the
turbine. To make the most use of the energy of
the water ejected from the wheel, the outlet flow
is transferred through a diffuser called a pipe
discharge.

In an axial compressor, each storey constitutes a
row of moving vanes (rotors) and a row of
stationary vanes (stator). The stator is
responsible foflthe speed of the flow ejecting
from the rotor with an appropriate direction
toward the next storey. The fluid is directly
ejected from the last storey of the machine
without a collector. In principle, the axial
machines do not need to have a collector.

In the ordinary fans or overhead fans as well as
ventilators which are installed on the windows



for changing air in an space, all parts are ignored
except for the rotating part. In this case, the fluid,
the air, directly enters the vanes and exits from
them. In these cases, the price of a machine and
easy operation of the machine are very much
more important than the efficiency of the
machine. Concerning the Francis turbine, a huge
investment is made for the establishment and
construction of water power plant for a higher
efficiency. For this reason, all turbo machine
parts and components are installed and
considered for this purpose with a careful study
of each of them.

Except for the wheel which is an indispensable
part for each one-storey turbo machine other
parts and components can be very complicated
for their installation on the turbo machine or
they may totally be ignored, depending on the
operating specifications, machine power and
efficiency we expect to enjoy and the cost price
of'the components.

A multi-storey turbo machine is, in reality, made
up of several one-storey turbo machine for
higher pressures. In centrifugal machines, the
return channels between the two wheels play the
role of both a diffuser and a guide, while in the
axial turbo machine the two moving wheels are
responsible for doing this job.

FIXE SPEED
ELECTRIC MOTOR

DATUM

COMPRESSOR

DATUM

COMPRESSOR

VARIABLE SPEED
GEARBOX WITH
INTEGRATED LUBE
OIL SYSTENM
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DISCHARGE PRESSURE, psig
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POSITIVE DISPLACEMENT
COMPRESSOR TYPES

- Screw
- Piston (Reciprocating)
- Diaphragm

Screw compressors in comparison to other
positive compressors, have lesser demand,
particularly oil free types that are more sensitive
in high pressure service application.

Rated working pressure ranges are limited to
about 15 Bar.

So, In regard to their susceptibility to work in
arduous and dusty ambient conditions they are
rarely used in o1l & gas plants.

In spite to the weakness mentioned above and
due to fewer moving parts for maintenance and
repair ,in case of providing means to prevent the
mating lobes to be Jammed, they will have
lesser operation costs as well.

However some types of screw compressors are
utilized for boosting and injection gas purposes.

ompressor

- Lower maintenance Expenses.
- Greater continuity of service
and dependability.

- Less operating attention.

- Greater volume capacity per unit
of plot area.

PISTON COMPRESSOR TYPES

-oil injected

-01l free

Oil injected type compressor has higher friction
losses and is used seldom in instrument air
compression systems in oil & gas industry. The
reason is, intake air always contains some fine
dust particles that is impossible to arrest them by
conventional filters. So entered contaminant
will be mixed up with moisture and oil content
of the air under discharge temperature and
pressure into the cylinder, creating slug
formation which increases friction resistance
between moving pants (rings) against cylinder.
In case of formation deposit on valve passages,
valve efficiency will be lowered too and
increasing cylinder temperature accordingly.

(CENTRIFUGAL COMPRESSORS

Baron compressor company in respect fto
technology transfer and modernization of
mature, compressors has performed an
extensive investigation with technical support
of one of the best global gas compressor
suppliers (Dresser - rand), that is briefly
presented here in after accompanied with
some standpoints extracted from AP1617 - 1988
as well.

- Less sensitive to surge
- Greater flexibility in Capacity and prgssure
: Range :
- Higher compressor efficiency and lower power
cost
- Capability of delivering higher pressures
- Capability of handling smaller volumes
- Less sensitive to changes in gas composition
and density




General DescriptiOn

Multistage centrifugal compressors applicable
to process gas services are generally supplied in
two basic configurations traditionally defined as
horizontally split and vertically split (Fig. 1)
Current API Standard Specifications refer to
horizontally split models as "Axial Split" and
vertically split units as "Radial Split".
Throughout this bulletin the traditional terms,
horizontal and vertical, will be applied.

API Standard 617 " generally requires the use
of vertically split compressor cases when the
partial pressure of hydrogen (at maximum case
working pressure) exceeds 200 PSI.

Other parameters which influence the
horizontal/vertical split decision include the
absolute operating pressure of the service and
ease of maintenance for a particular plant layout.
General industry definition of materials used for
these compressor cases is again influenced by
the intended service.

Steel cases are required when the service
includes:®

1. Air or non-flammable gas pressure greater
than 400 PSI.

2. Air or non-flammable gas at discharge greater
than 500 Deg. F.

3. Flammable or toxic gas

Cast iron cases are generally allowed for
services other than those described above."!

The horizontally split centrifugal compressor
(Fig. 2) features a top halfand bottom halfjoined
by case studs or bolts through a flange at the
horizontal split.

Access to the compressor internals for
maintenance is achieved by removing the top
half of the case (Fig. 3). Access to bearings and
seals, however, is achieved without top half
removal.

(1) API 617, Fifth Edition, April 1988, Para. 2.2.8.
(2) API 617, Fifth Edition, April 1988, Para. 2.2.6.
(3) API 617, Fifth Edition, April 1988, Para. 2.2.7.

HORIZONTALLY SPLIT

VERTICALLY SPLIT




The horizontal split case is available with main
process gas connections top mounted or bottom
mounted (bottom mount shown in Fig. 2). Top
mounted connections increase maintenance
time since process piping must be removed
before lifting the top half.

Typical materials'” (with appropriately applied
grade or class) used in the construction of
horizontally split cases include:

MATERIAL RANGE APPLICATION
Cast Iron ASTM A278 (-50%F - 450°F)
Ductile Iron _ASTM A395 (-20°F - 500°F)
Cast Steel ASTM A216 (-20°F - 750°F)
ASTM A352 (-150°F - 650°F)

Fab. Steel ASTM A516 (-50°F - 650°F)
ASTM A203  (-160%F - 650°F)

Lower temperature services with high nickel
content materials.

(4) API 617, Fifth Edition, April 1988, Appendix B

CENTRIFUGAL COMPRESSOR PRESSURE - CAPACITY CHART
ENGLISH UNITS

= -t HE

A generalized pressure-capacity chart is shown
(Fig. 4) for horizontally split compressors.
Specific ranges and pressure breaks vary from
manufacturer to manufacturer, however, this
shows a fairly complete range covering most
multistage, horizontally split, centrifugal
applications.

Generally, the pressure-capacity ranges are
covered in standard case sizes or frame sizes. A
typical frame chart is shown in Figure 5
covering both cast and welded (fabricated) case
construction.

As shown in Figure 4, the flow range extends
through 360,000 CEM. This flow is generally
achieved in centrifugal compressors using a
double flow configuration (will be discussed
later). Single flow configuration would extend
to 180,000 CFM.

In smaller flow compressors, horizontal sptil-
designs can be applicable at pressures in the 800
PSIto 1000 PSIrange.

It should be noted here that any flow/pressure
frame ranges discussed in this presentation vary
from manufacturer to manufacturer and have
been established on the basis of served market
needs, therefore, any of the data shown is subject
to change with market requirements.

LOW MEDIUM _ HIGH
CAPACITY !:—:AP#G’I_H CAPACITY
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Vertically split compressors (Fig. 6) feature a
complete cylindrical case with access to the
rotor and internals achieved by removing the
end closures or heads at the end of the
compressor. Note that the compressor shown in
Figure 6 has end closures or heads held in the
case cylinder with shear rings as opposed to
being bolted to the compressor case thereby
greatly simplifying maintenance procedures.
Again, as with horizontal cases, bearings and
main seals can be maintained without removal
of'the large heads.

As indicated previously, selection of the
vertically split case depends on the partial
pressure of hydrogen in the gas, the pressure of
the process and the plant layout or arrangement
asrelated to maintenance.

For maintenance of the rotor and other internal
parts (other than bearings and seals), after the
heads have been removed the internal case
(bundle) is extracted from the outer, pressure
containing case (Fig. 7).

Fig.7




-The inner case is then dismantled as one part or
piece by piece to expose the rotor (Fig. 8).

Such a maintenance feature has a distinct
advantage in ground level mounted, top
connected applications which are typified by
large gas turbine drive applications where
maintenance can be achieved without removing
the large process pipe (Fig. 9).




An overlay of the vertically split compressors
pressure/flow capability on the previously
shown horizontally-split compressor chart 1s
shown in Figure 10.

Again, range will vary from manufacturer to
manufacturer; however, Figure 10 shows
pressure range required and available for
application.

-Pressures to 10,500 PSI as required for services
such as gas injection.

-Pressures in the 2,000 to 5,000 PSI range for
processes such as ammonia syn gas and
methanol syn gas.

-Lower pressures in high flow equivalent to
horizontally split lines.

Note that while current standards require cases
be designed to ASME codes, case thicknesses
are usually quite conservative compared to code
requirements (in thickness) since a primary
criteria is mechanical rigidity of the case.

(5) AP1 617, Fifth Edition, April 1988, Appendix B.

Typical flow range of frames shown in Figure 11
include:

Low Capacity to 9,000 CFM

Medium Capacity 9,000to 35,000 CFM

High Capacity 35,000 to 180,000 CFM (Single
Flow)

360,000 CFM (Double Flow)

Typical Materials'” for Vertically Split
Compressors:

Forged -ASTM A266 (-20 to 650°F)

welded - ASTM A516 (-50 to 650°F)

ASTM A203 (-160to 650°F)

Again, lower temperatures are possible with
high nickel materials.

CENTRIFUGAL COMPRESSOR PRESSURE - CAPACITY CHART
ENGLISH UNITS

CAPACITY

LOwW MEDIUM
CAPACITY

HIGH
CAPACITY

O e e 1
A oZEd EQ Tl EEg e e
08B 1B 2B 3B 4B 5B 6B 7B 8B

FORGED AND WELDED WELDED WELDED
CASES CASES CASES

Fig.11




In addition to the multistage centrifugal
compressors discussed, single stage, overhung,
impeller designs are available in pressures to
approximately 2000 PSI. Figure 12 shows such
a configuration as applicable to high pressure
pipeline service for natural gas.

Note the vertically split construction.

The internal view of the compressor shows:
-Overhung Impeller Design

-Direct Inlet Flow into the Impeller *

-Discharge Volute

On low pressure units the volute can be of the
"free" type, however, here the volute is
contained in an outer casing due to the high
pressure application.

Lower pressure compressors find use in recycle
service such as catalyst regeneration as well as
other services.

Another type centrifugal compressor is the
integral gear compressor (Figure 13). Typically,
these compressors have been used as packaged
air or nitrogen compressors although other
applications could be considered.

Again, range of pressure/flow varies with the
manufacturer@ypical flow and pressure include
2, 3 and 4 stage (impeller) designs with
capacities to 150,000 CFM and pressures to 250
PSI. Higher pressures are achieved using two
gear cases on a double extended driver.

A typical cross-section of a 3 stage (impeller)
compressor/gear case (Figure 14) shows the
design features.
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The features of this design include:

-Open impellers with radial blades. for max.
head development.

-Volute diffusers for optimum efficiency

-(2) pinion speeds to optimize impeller specific
speed and, therefore, efficiency.

PARALLEL WALL
DIFFUSER

OVER THE IMPELLER
GAS BOOSTER VOLUTE

MULTISTAGE BARREL VOLUTE
WITH VANELESS DIFFUSER

| Fig.16

DESIGN APPLICATION

The heart of the centrifugal compressor is the
impeller "stage". A stage basically consists of:

_{Refer-toFig 15)
~ A Guide Vane

.An Impeller

A Diffuser

.AReturn Channel or Return Bend (Diaphragm)
The efficiency of a given unit is a function of the
friction and diffusion losses through these
components. Other losses are associated with
the compressor inlet and discharge volutes and
nozzles.

Selection characteristics are influenced by the
type of components available to the application
engineer. Diffusers that can be applied include:

-Parallel Wall Diffusers -
Vaned Diffusers -
Volute Type Diffusers

The type of diffuser most typically used in
multistage compressors is the parallel wall
diffuser; single stage compressors can use an
over the impeller volute type diffuser.

A comparison of these two types of
diffuser/volute combinations is shown in Figure

-16.

From Figure 16 it can be seen that the over the
impeller, volute type diffuser requires, although
more efficient, a larger case diameter and stage
width than does the parallel wall diffuser. Since
one usual application/selection criteria of the
multistage compressor is to achieve as much
head or pressure rise as possible in a given case,
the parallel wall diffuser lends itself to this
application since it minimizes stage spacing
and, therefore, bearing span (for critical speed
purposes) of the compressor. Additionally,
compressor cost is reduced due to the overall
reduction in case diameter.



| Fig.17

One method of controlling the stage
performance characteristic is through the use of
different inlet guide vane angles. Guide vanes
direct flow into the impeller against impeller
rotation, radially, or with impeller rotation (Fig.
17).

When viewing Figure 17, the flow of gas is
basically from the upper left hand corner of the
picture to the lower right hand corner. When
looking from the lower right corner to upper left,
impeller rotation would be counterclockwise.
The influence of various guide vane angles on a
given impeller head characteristic is shown on
Figure 18.

Impeller types available for use are widely
varied. Shown in Fig. 19 are "open" or semi-
open and closed impellers on a rotor for a charge
gas compressor for ethylene service.

The radial blade, open impeller provides for a
maximum amount of flow and head in one stage
yet keeps stress levels sufficiently low (even in
large diameter impellers) to allow acceptance of
maximum material yield point criteria as
specified for hydrogen sulphide service.
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Fig.19

Note, API requirementsm limit materials to
90,000 PSI max. yield, Rockwell C22 max.
hardness when even trace amounts of hydrogen
sulphide are present in the gas.

Figure 20 shows other open and closed impellers
for single stage overhung designs. This time the
open impeller has backward leaning blades
providing a broader range of operation and
higher efficiency but lower head capability. The
open type impeller is generally provided without
guide vanes. g

Other types of impellers include the mixed flow
impeller which provides high efficiency
performance in high specific speed applications.
The flow path through the impeller is a
combination of axial and radial flow.

Fig:20 (7) API 617, Fifth Edition, April 1988, Para. 2.11.1.7.



Fig.21

The range of impeller sizes available for various
applications is appreciable. The large rotor
shown in Figure 21 1is typical of large
refrigeration compressors and the small rotor
typical of high pressure service such as gas
injection.

Animportant aspect of application and selection
of equipment is associated with selection of
"proven" components as required by most
customers.

This usually entails a listing of impellers as
directly relatable to a given service. However, a
parameter exists which demonstrates
experience based on similarity of design.

One aspect of similarity is cinematic similarity
where velocity ratios between two respective
points within two separate designs are the same.
For example, if a particular location velocity as
compared to the tip velocity is constant
throughout the flow field, cinematic similarity is
satisfied.

The second aspect of similarity is dynamic
similarity. Designs are considered to be similar
if the forces and the pressure field are
proportional to each other.

These two aspects of similarity are combined
(Fig. 22) forming the specific speea. As can be
seen, only operating parameters remain
including speed, volume and head.

SPECIFIC SPEED Ng = Specific Speed
Q H
N, = 1(-;@ ;F) Q = Actual Flow, ACFS
Y - P N = Speed, RPM
ND* ' N2p2

Q \% H = Head, Ft-LbiLb
ND?
= o \% g = Impeller Diameter, inches
(NZDZ) U = Tip Velocity, FPM
_ NVT
=




As stated previously, the efficiency of a given
stage is a function of the friction and diffusion
losses through the stage component.

These loss mechanisms can be used to explain
the shape of the efficiency versus specific speed
curve (Fig, 23), Peak efficiency decreases as the
specific speed is reduced or increased from an
optimum range. This comes about as a result of
the combined friction and diffusion losses
reaching a minimum value (Fig. 24).
Characteristically, friction increases at the lower
specific speeds. This is due to the higher
velocities, increased wetted surface, and smaller
hydraulic channel diameters. Diffusion, on the
other hand, increases at the higher specific
speeds reflecting the effects of larger capacities
being turned in tight bends. When the two losses
are added, an area of minimum loss and
maximum efficiency results.

Stage performance of a compressor is usually
represented in a pressure coefficient (Mu) and
efficiency I (Eta) vs. Q /N (Capacity vs. Speed).
(Fig.25)

A given impeller stage design will have a
different characteristic depending on the
relationship of its operating speed to the inlet
sonic velocity of the gas. For higher ratios of
speed to sonic velocity (N/Ao)' the head or
pressure coefficient curve will be steeper at
flows higher than design.

The selection of a given compressor will depend
on the proper grouping of such impeller/stage
characteristics.
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The performance curve islrequently referred to
by other names such as; head/capacity curve,
pressure/ capacity curve, surge curve,
compressor map, pressure/flow curve, etc.
Regardless of what is called, its purpose if the
same; namely, to graphically illustrate how head
or pressure and power vary with capacity. A
typical performance curve is illustrated by
Figure 26. Capacity using units of volume or
mass flow are plotted along the horizontal axis.
The customary units used along the vertical axis
are; head pressure or pressure ratio (Pd/Ps). A
single line usually is used to illustrate the
performance of a constant speed compressor,
while multi curves are used for variable speed
COMPIessors.

In addition to showing the pressure/capacity
characteristic, the curve also shows important
operating limits. The most important one is the
"surge limit" or minimum flow point below
which the compressor operation becomes
unstable, The instability manifests itself in
pressure and flow pulsation's which may
become severe enough to damage the
compressor. Therefore, an anti-surge control
system 1is required to limit capacity at a
minimum point safely away from the surge
~hmit, The surge limit usually is clearly marked,
but if not, it should be understood that the left
end of the line terminates at the surge limit.

The lower right end of the line usually
terminate8 before reaching a limiting condition
referred to as the "choke limit". If the line was
extended as shown by the dashed line, it would
become vertical at the choke limit. Controls to
prevent operation too near the choke limit
usually are not required. However, as with most
rules, there are exceptions so the possible need
for choke limiting controls must not be
overlooked when designing the control system.
Pressure rise in the impeller stage is affected by
inlet gas pressure, inlet temperature, isentropic
exponent (K), inlet pressure and mol weight,
The effect of varying these conditions is shown
on Figure 27.
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It is apparent that from the polytropic head
equation (Fig, 28) that head, and hence, the
power for a given compression ratio (Rc) varies
directly with absolute temperature and inversely
with the molecular weight of the gas. Since there
is a limit to the amount of head which a single
stage can produce, it follows that gases having a
high molecular weight will require fewer stages
than gases having a low molecular weight when
being compressed through the same ratio. This is
illustrated (Fig. 29) for several common gases.
For example, 1 or 2 stages would produce a ratio
of 2 if propane was being compressed, but4 or 5
stages would be needed if the gas was methane.
The type of load on a compressor may vary
anywhere between one of frictional resistance
only to one of constant pressure. Illustrated in
Figure 30 are three types of loads superimposed
on a compressor performance curve. Line "A-
A" represents a frictional type load typical of
applications such as natural gas pipelines,
recycle compressors, mine ventilation, etc. It
represents the pressure necessary to overcome
the frictional resistance of flow through piping
and associated equipment. It is an ideal type load
because all operating points are within the stable
operating range of the compressor.

By far the most frequently encountered
application is a combination of frictional
resistance and fixed pressure as illustrated by
line "B-B" (Fig. 30). An example of this type
load would be a blast furnace for which the
majority of the pressure requirement is to
overcome frictional resistance; but, in addition,
a pressure is maintained inside the furnace by
controlling the exhaust from the top of the
furnace.

Line "C-C" (Fig. 30) shows the fixed pressure

EQUATION FOR POLYTROPIC HEAD
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The pressure rise required by most applications
exceeds the capability of a single stage;
therefore, multi-stage compressors are used far
more frequently. Multi-stage compression ratios
within the range of 3:1 to 15:1 are typical, while
the ratio of a single stage usually is less than
2.5:1. The surge line shape of a single stage can
be adequately predicted using the fan laws,™ but
this is usually not true for a multi-stage machine.
The volume reduction per stage is less when
operating at speeds lower than design; therefore,
stages near the discharge are forced to handle
more than their rated volume, while those nearer
the inlet handle less than normal. The
accumulated effect is that the surge line shape
tends to depart from the fan law predictions as
more stages are added. It is common for surge to
be initiated by one of the latter stages when the
compressor is operating at design speed, but by
an earlier stage at lower speeds. A distinct
change in the surge line is evident at the point
where this occurs.

First, looking at Figure 30 (Compressor No.1),
this surge line has a smooth parabolic shape
because Stage 2 initiates surge at all speeds
indicated. Now look at the curve (Fig. 31) for
Compressor No.2. Note the breakpoint at
approximately 85% speed. At speeds above that
point, surge was initiated by Stage 3 and below
85% speed, Stage | reached its surge limit first.
The overall performance of compressors No. 1
and No.2 operating in series is illustrated in
Figure 32. It has a shape similar to the surge line
of compressor No.2, but the breakpoint is at a
higher speed and pressure rise: The shape of the
surge line for a compressor with many stages
can have several breakpoints at closer intervals.
A smooth curve drawn through the mean points
of each segment would have a curvature
approximately opposite that of a surge line
based on the fan law.

(8) Fan Laws -Capacity is proportional to speed.
-Head is proportional to speed squared.
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Another potential control requirement is
apparent by closer examination of Figure 32.
The various speed lines are extended by dashed
lines to illustrate the "choke limit". Note that as
speed is reduced, th€ choke and surge limit lines
come closer to each other until they finally
intersect at a point slightly below 70% speed.
The reason the two lines cross is that the choke
flow limit of one stage forces another stage to
operate at a capacity lower than its surge limit.
When this condition occurs, it is no longer
possible to keep the compressor out of surge by




venting or by recycling gas from the final
discharge. In order to prevent surge, it would be
necessary to vent or recycle some gas from a
stage located between the choked stage and the
one which is in surge. Note in Figure 31 the
choke limit line crosses the surge line well
below 50% speed. This example illustrates that
the speed at which this phenomenon occurs
tends to increase with compression ratio. There
are other influencing factors such as the
individual stage characteristics and sonic
velocity of the gas. Therefore, the choke and

surge line intersect point cannot be
approximated by a rule-of-thumb method based
only on compression ratio. In some compressors
it could occur at arelatively high speed, say 80 to
90%. If the compressor is driven by an electric
motor which accelerates quickly through the
simultaneous "choked flow-surge condition", it
normally is not a problem. As a general rule, the
condition can be ignored if it occurs below
approximately 50% speed (centrifugal
compressors), regardless of the type of driver.
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STRAIGHT- THROUGH FLOW

Shown in Figure 33 is a typical cross-section of a
centrifugal compressor. This compressor has a
"straight-through" flow path, meaning that the
gas enters through the main inlet of the
compressor; passes through the guide vanes into
the impeller; is discharged from the impeller
into lhe diffuser through the return bend and
into the next impeller and so on until the total
flow is discharged through the nozzle at the
other end of the compressor.

COMPOUND FLOW

For many high ratio applications, the capability
to extract the total gas flow for intercooling is
desirable to minimizse gas temperature and
power requirements. in many applications,
compounding can reduce the number of
compressor casings required.

Reviewing the cross-section (Fig. 34) of a
"compound compressor”, it can be seen that the
flow path is the same as two "straight-through"
compressors in series. That is, the total flow
enters at the main inlet of the compressor and is
totally discharged at the first discharge
connection, is cooled or otherwise
reconditioned and re-enters the compressor at
the second inlet connection and is totally
discharged at the final discharge nozzle.
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SIDESTREAM FLOW

For refrigeration cycles and other process
requirements, the capability to admit or
discharge gas at intermediate pressure levels is
required. Compressors can be provided with
sidestreams with minimum flow disturbance
and provide effective mixing of the main
sidestream gas flows.

In the cross-section shown in Figure 35,
examples of both "incoming" and "outgoing"
sidestreams are shown. Flow enters the main

Inlet, is compressed through one impeller to an
intermediate pressure level at-which point an
incoming sidestream flow is mixed with the
main inlet flow in the diaphragm area ahead of
the next impeller. The total mixed flow is
compressed to a higher pressure level through an
outgoing sidestream to satisfy a process
requirement. The remainder of the flow is
compressed through one impeller, is mixed with
an incoming sidestream, compressed through
two stages and exits through the final discharge.

5M WITH
SIDESTREAMS

(SRASSINNRNS \\\\ =

e
SN S
FETEE TG T

LA
ot

N

E_\ W N7
=7 \hiis Oyl= 0e

A

SN

A
%

Z B
- .
v

S.8. OUT

os.s.IN Y

DISCHARGE
>

| Fig.35




DOUBLE FLOW

This concept effectively doubles the capacity of
a given frame size. This has several advantages:

1. A Smaller Frame -For a given capacity, a
compressor one frame smaller than the single
flow configuration can be used, thus reducing
COMPIessor costs.

2. Speed Match -In many applications, the flow
from the double flow compressor is discharged
to a single flow compressor of the same frame
size. This permits operation at the same speed
and allows the use of a single 1.lriver or
duplication of drivers.

In the double flow configuration (Fig. 36), the
compressor is divided into two sections. It is
effectively operating as two parallel
compressors. An inlet nozzle is located at either
end of the compressor case. The discharge flow
from each section extracted through a common
discharge nozzle at the center of the case. The
impellers of one section face in the opposite
direction from the impellers in the other section
achieving thrust balance over all operating
conditions.
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COOLING AFTER EACH IMPELLER

In certain applications it is desirable to cool after
each stage of compression. One such application
would be the compression of oxygen in an air
separation plant.

Figure 37 shows such an arrangement. The case
provides eight nozzle connections (3
connections are hidden on the opposite side)
allowing intercooling after each impeller. Note
that this particular design allows the use of
volute type diffusers. The stage spacing required
for the nozzles allows sufficient room for the
required volute areas.

BACK - TO - BACK FLOW

The compressors in Figures 36 and 37 utilised
back-to-back impeller arrangements providing
for thrust balance without use of a balance
piston. This type of configuration has added--
advantages in high pressure, high case lift
(pressure rise across the case) applications.
These advantages include:

-Elimination of potential thrust bearing failure
due to failure of the large diameter balance
piston labyrinth. (Balance piston labyrinths in
straight through designs are required to
withstand differential pressures as high as 5000
PSI.)

VOLUTES




-Reduction of recalculation 10SSE'S in the
COMmpressor since

-The pressure exposed to the seals balanced to
the compressor suction is an intermediate
pressure as opposed to full discharge pressure on
straight through flow designs.

-The seals which are balanc'3d to suction are
much smaller diameter (and, therefore, have
much smaller flow clearance area) than balance
piston labyrinths on straight through flow
designs.

Back-to-back flow arrangements for multistage
compressors are shown in Figures 38 and 39.

In addition to selection limitations discussed
relative to pressures, temperatures, mol weights,
equipment geometry, other factors such as
critical speed must be considered which take
into account bearing spans, seal effects and
mechanical design aspects.

Also the type of seals required for the duty
whether they be labyrinth seals, mechanical or
contact seals or oil film seals, as dictated by the
service intended, are an integral part of proper
application.

FLOW PATH
BACK TO BACK IMPELLER ARRANGEMENT

TYPICAL SERVICES

The following discussion will review some
typical Services and considerations associated
with the application of centrifugal compressors
to those services.

It must be noted that while the service
applications discussed represent real situations,
the problems and solutions discussed do not
apply universally to all similar service
applications.

The service applications to be discussed include:
-HydrogenRecycle

-Wet Gas

-Charge or Cracked Gas

-Refrigeration

-High Pressure Applications

-Carbon Dioxide

-Methanol




