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Experimental Investigation and Simulation of Surge Instability in
Turbo-Compressors of the Refrigeration Units at Sarkhun and
Qeshm Gas Refinery: Development of a Monitoring Tool and
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Abstract:

The reduction in feed gas supplied to the Sarkhun and Qeshm Gas Refinery caused the refrigeration
unit compressors to operate considerably below their design capacity, thereby increasing the risk
of process instabilities, particularly compressor surge. In this study, the refrigeration cycle of the
refinery was simulated using Aspen HYSYS software in conjunction with the Peng—Robinson
thermodynamic equation of state, based on real operating data. Model accuracy was assessed
through the sum of squared errors, yielding deviations of 1.516 kmol/h in flow rate, 0.176 kPa in
pressure, and 2.861 °C in temperature. To overcome the limitations associated with the
unavailability of compressor characteristic curves, operational performance tests were conducted
for the first time at three distinct compressor rotational speeds, enabling a realistic evaluation of
surge onset conditions. Furthermore, vibration sensors were implemented to continuously monitor
dynamic compressor behavior and accurately detect surge events. The experimental findings and
simulation outcomes were subsequently integrated into an Excel-based decision-support tool,
enabling real-time operational monitoring, enhancing decision-making efficiency, and improving
overall process safety.
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Fig. 1. Schematic representation of the refrigeration unit (Unit 500) of the Sarkhon and Qeshm Gas Refinery.
53T 5 (5 3lssnds Y-

Peng- _Seluoge s Jao <SS & Aspen Hysys l58ls 5 50 0l cpl ool (gjlwacs e Soleds
z) Pl o8 VU PED (slaaiiss b @illae (sois 8 Sledlbl .l oas 5 a1, (V) IS )o[WS\A]Robinson
S ilwdds cpl 5o oolatul 5,50 sloosls 5 slaiges dnlsl jo .ol ploil oS de (g5lwand o] ulwly 5 0o 3

eSUl

loE 01 5 HP
eHP olp

1ro 501 C-501-Hp -
- i
vupOul TX-TU
t e uxX-Lp2Mp
56 in-56 lip

Ceslonds 0951 0 38 (33 5l (29> Qs Olsr sl (V) Jguz 5o

$-502 Faa1 c-501-Mp
53 5 ss 10503 S0
s 55 o
£-502 LCV-161 i 1
es02
- s - -8
in-53 L w3
L S-504
5 10504
- LCV-159
inS

— —_
FmO7S in-61 in-62

59 > —d
60 | cvaos © Mo 62 | (/a2 105505
in-59 — n-63A
in-60
| i

gy £aon
Fi 738L
eed- .y
Feedn FeedOut39A 1oS508

Feed-38M wocid6 £-403Shet
Feed-78
FeedOut-39L —
FeedOut-29
-390
FeedOut-39N M-101

WL@ u‘“" )l}é|r=)$ I M])S G)Law Ja.ou -y JS\M»

Fig. 2. Process simulation environment in Aspen HYSYS software.
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Table 1. Specifications of propane discharged from the storage tank under operating conditions.

Stream 53
Temperature (°C) 51.2
Pressure (Bar) 18.76
Mw 44.08
Density (kg/m®) (FTP) 448.54
Molar Flow (kmole/hr) 1773.63
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Fig. 3. Ruston TB4000 turbo-compressor at the Sarkhon and Qeshm Gas Refinery.
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Fig. 4. Schematic of the chiller (E-403) associated with the refrigeration unit (Unit 500) of the refinery.
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Fig. 5. Variation diagram of the mass ratio (refrigerant to feed) with respect to the feed inlet temperature.
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Table 2. Comparison of simulation results with operating values of the refrigeration unit (Unit 500).

NORED RV INEE Shdos polas b giluass 5l Jol> zuls anglas =Y Jgo

Stream | Phase | F sim |F Des | Error F | P sim | P Des | Error P | T sim | T Des | Error T
NO. V/L | kmolhr | kmolhr | kmolhr | (kPa) | (kPa) | (kPa) O | (O (C)
53 L 1130.76 | 1130.76 0 1944 1944 0 51.2 51.2 0
54 L 1130.76 | 1130.76 0 1882 1882 0 42.9 429 0
55 L 565.38 565.38 0 1882 1882 0 429 429 0
56 A\ 140.660 | 135.96 3.457 661 661 0 11.382 11.5 1.02
57 L 424.72 | 429.42 1.094 661 661 0 11.382 11.5 1.02
58 \Y 99.8742 | 101.31 1.417 183 183 0 -27.76 -27.6 0.597
59 L 324.846 | 328.11 0.995 183 183 0 -27.76 -27.6 0.597
60 L 162.423 | 164.05 0.992 183 183 0 -27.77 -27.6 0.597
61 L 162.423 | 164.05 0.992 168 168 0 -29.97 | -29.97 0
62 \Y 162.423 | 164.06 0.998 168 168 0 -29.97 -30 0.1
63 \Y 324.846 | 328.12 0.998 118 118 0 -31.18 -30 3.933
64 A/ 324.846 | 328.12 0.998 118 118 0 -31.18 -30 3.933
o HP A/ 565.38 565.38 0 1980.1 1990 0.497 89.56 91.8 2.44
Fout39 \ 6698.33 | 6722.86 0.365 6870 6870 0 -18 -18 0
MSE| - | - | - e - | - joowwe ]
E403(kj/hr) 2861120
E403i(kj/hr) 2917612
Error-E403(%) [T ese T
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Table 3. Field test results at three different compressor speeds.

RPM 1X 1X G 15T - LAST B.PI B.P2 RMS
TURBINE | COMPRESSOR | RATIO | NO.BLADES | NO.BLADES | FREQUENCY | FREQUENCY

7660 128 166 1.3 21 17 3486 2822 8

7740 129 168 1.3 21 17 3528 2856 11

7800 130 169 1.3 21 17 3549 2873 13
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Fig. 6. Blade-passing frequency results at different rotational speeds based on blade positions in the Unit 500
COMPIessor.
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Table 4. Minimum and maximum flow rates of the compressor inlet suctions.

Maximum flow rates Minimum flow rates
kg/s kg/hr m>/hr kg/s kg/hr m>/hr
5.7582 20729.5 7804.8 4.0195 14470.2 5448 Ist Suction
1.811 6519.6 1534.2 1.2411 4467.96 1082 2nd suction
2.373 8542.8 611.9 1.6655 5995.8 431 3rd suction
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Fig. 7. Diagram of the volumetric flow range for each suction of the Unit 500 compressors.
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Fig. 8. Variations in the enthalpy of the refinery gas feed as simulated by HYSY'S software.
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Fig. 9. Heat exchanged from the feed throughout the duration of the test.
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Table 5. Conditions and compositional percentages of the feed gas entering the Sarkhoon and Qeshm refinery

Value Composition & Condition
~0 02
548 % N2
0.44 % CO2
87.96 % CH4
3.63 % C2Hs
1.41 % CsHs
0.31 % i-C4Hio
0.44 % n-C4Hio
0.14 % 1-CsHiz
0.1 % n-CsHi,
0.09 % Cor
40 Temperature(°C)
38 Pressure(Barg)
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Fig. 14. Shaft speed variations for calculating the compressor's average speed.
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Fig. 15. Schematic of the selected range for calculating the average shaft speed.
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Fig. 16. Ratio of the second suction pressure to the first suction pressure at each average speed versus the first

suction flow rate.
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17. Estimated safe operating region for the refrigeration unit compressor.
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Fig. 18. Defined safe operating region for the refrigeration unit compressor.
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Fig. 19. Defined safe operating region for the refrigeration unit compressor based on the inlet feed temperature.
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Fig. 20. View of the software developed for analyzing compressor surge conditions in Excel.

B C D E F G
(input data)
rpm 7750
Gas Inlet Temperature [2C] 5 -4117.75
Gas Outlet Temperatare [*C] -10 -4151_89
Gas Pressure [BarG] 30
Gas Ah [kIkg] 35.79 34.14
Heat Based Pressure effect
(Compressor) cons cons
Mass Flow Rate (MA) [ke'hr] 8120.00 941472 8120.00 941472
Heat Transfer [kW1] 3356148 3892021 3356148 3892021
(Feed)
Mass Flow Rate (MA) [kg'hr] 93773 108746 98312 114009
“ohune Flow Rate [m3/hr] 121217 140571 127084 147375
Minimum Allowable [MSCM/day] 2.91 3.37 3.05 3.54
MA : Minimum Allowable
6 g5 azxais—¥
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