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The Centrifugal Compressor
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\ .
extensive

" To cause positive flow through a process. In this case the compressor elevates the pressure sufficiently to

overcome process pressure drops due to piping, vessels, heat exchangers, valves, and fitting.
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Figure 1-1a. Cutaway of a horizontally split centrifugal compressor. Photo courtesy
of Ingersoll-Rand Company, Phillipsburg, NJ.

Figure 1-1b. Cutaway ol-a vertically split centrifugal compressor. Photo courtesy of
Dresser Clark Division, Dresser Industries, Inc., Olean, NY.
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" Basic Components

* Rotor assembly

° Stationary parts

* Impellers

¥ Wheels

* Sleeves

* Balancing drum

'* Thrust disc mounted on a shaft



THRUST DISC

Figure 1-2. Components of
the centrifugal compressor ro-
tor assembly.
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Figure 1-3. The impeller,
shaft, and sleeve.

Flgure 1-4. A centrifugal compressor rotor assembly set in the bottom half of a
tompressor casing. Photo courtesy of Elliott Company, Jeannette, PA.

adu’.'u\\\Mguﬁ\jﬁj\j}gﬂbg\&fﬁﬁgujyﬁ)m“
(\-TJ\-O L“g\.h dS.JB) JA.}S‘EA

COVER
BLADES

Figure 1-5. Components of
the closed impeller.

" Closed impeler



Figure 1-6. Cutaway of a closed impeller
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'" Blades

'™ Cover

'* Hub or disk

'* Corrosive

' One end of the balancing drum is essentially at discharge pressure; the other end connects to a lower
pressure point, normally the inlent end of the compressor, through a balancing drum line. The resultant
pressure differential across the balancing drum causes a thrust opposite to the impeller thrust.

Y Thrust disk
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X Figure 1-7. The inlet wall.
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Figure 1-8. The diffuser. e Figure 1-9. The diaphragm.

" Thrust-bearing

"* The thrust disk positions the rotor assembly in the casing such that the impellers line up with the gas
passages in the stationary components.

' The diffusers

™ Return bends

™ Return channels

" The discharge volute



Figure 1-10. A diaphragm half being lowered in place into a centrifugal compressor
casing. Photo courtesy of Elliott Company, Jeannette, PA.

RETURN BEND
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Figure 1-12, The return channel. -
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** Discharge volute
** Discharge nozzle
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Figure 1-13. The discharge volute.
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™ But also by the flow pattern entering the impeller and the uniformity of the area increase downstream
™ Types of casing

"* Horizontally split casing

™ Vertically split

" Barrel casing

™ Up-nozzle

™ Avoid nozzle interference

™" The down-nozzle horizontally split casing is preferable from a maintenance standpoint
" Space requirements for maintenance are there for minimal

™ Resulting in an increased potential for the escape of process gas.

™ Above this levels manufacturers will resort to vertically split, or barrel, compressors

™ Pressure split



Figure 1-14. A horizontally split centrifugal compressor. Photo courtesy of
Ingersoll-Rand Company, Phillipsburg, NJ.

Figure 1-15. A vertically split centrifugal compressor. Photo courtesy of Ingersoll
Hand Company, Phillipsburg, NJ.

Figure 1-16. Vertically split centrifugal compressor showing method of removal of
internals. Photo courtesy of Dresser Clark Division, Dresser Industries Incorpo-
rated, Olean, NY.
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™ Barrel



Figure 1-17. A multi-body centrifugal compressor train undergoing assembly. Pigure 1-18, A large turbine-driven, multi-body centrifugal compressor train under-
Photo courtesy of Ingersoll-Rand Company, Phillipsburg, NJ. yoing lesting, Photo courtesy of Elliott Company, Jeannette, PA.

Figure 1-19. A large turbine-driven, multi-body centrifugal compressor train in-

uialled at job site. Photo courtesy of Dresser Clark Division, Dresser Industries, Inc.,
Olean, NY
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" Arrangements

** Straight-through

' When flow requirements are large and head requirements low, the manufacturer can often reduce the
compressor size by employing the double-flow arrangement

** This configuration saves cost, as the out-side diameter of the casing is smaller than would be necessary
with the single-flow arrangement

T In effect, this approach doubles the capacity of the compressor casing
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Figure 1-20. Schematic of a straight- \ | | / I \ }‘J il J \ Figure 1-21. Schematic of a double-flow
through centrifugal compressor. =4 ,,;ﬁ_‘\._- o o T N o] b d ] centrifugal compressor.
m)w.) Figure 1-22. Schematic of a single inter-
— cooled centrifugal compressor. Figure 1-23. Schematic of a double inter-

cooled centrifugal compressor.

Figure 1-24. Schematic of a side-load |
centrifugal compressor.
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** Centrifugal compressor estimates
**Inlet flange
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** Require several pressure levels from the compressor

*¥ Side-load

** Side-stream

** Arrangement

°* (note the contoured flow pattern and generous area for side-load entering and mixing in figure Y-Y©)

** The former is less expensive and, more important, does not lengthen the rotor as does the approach

*" It maybe interesting to note that some cooling takes place in a side-load compressor

°" The phenomenon occurs because the stream injected at an intermediate nozzle is normally at or slightly
above the saturation temperature and therefore cooler that the main stream, which was heated by
compressor
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s jecting side-loads: the blank stage
(left) and the diaphragm core (right).

Figure 1-26. Schematic of a back-to-
back centrifugal compressor
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** In high pressure applications, compensation for rotor thrust becomes extremely difficult, especially
during process upset

°® Gas process

** Suction flange

*¥ The thrust from the two rotor halves oppose each other, resulting in partial thrust compensation

** The single-stage centrifugal compressor

** To gain an appreciation for the use of the single-stage compressor, ) o« « « ft-Ibf/lom of adiabatic head
equates to a pressure ratio of approximately Y, for air applications
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Figure 1-27. Cutaway of the single-stage centrifugal C°mp|r§550" Photo courtesy of Figure 1-28. A motor-driven single-stage centrifugal compressor. Photo courtesy of
Roots Operations, Dresser Industries, Inc., Connersville, IN. Roots Operations, Dresser Industries, Inc., Connersville, IN.

* axially
" The gas then exits the discharge nozzle, which can be oriented in several angles to match process piping
considerations






