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D SRATTON BLEMS JF CUI

In this paper the critical ureas of ammonia synthesis Turbo
Compressors are identified and design pnilosophies discusged; design
criteria of the associated suxiliary equinment are msentioned. The
importance that machincs be integrated with the plant systen, so that
their design limits cannot be exceedad is recommended; the availability
of basi: control and protection devices and of properly trsined olant
operators andi msintenance personnel is consilered.

ANTRODUCTION

An attezpt is mude to contribute to the tecnnical pool of
snowledge by critically looking at some outstanding design problems of
compression equipment, centering the attention on the synges cORpressor 1
in fact other compressor systems are less sophisténated and the list
of their fuuux;u, as reported by yearly surveys of amronia plant
shutdowns, reads about the same.

The syngas machine is the most sriticnl one not only for the
hazard that could arise should the hydrogen-rich process 3as leak from
the compres:or but due, also, to the high power, high speeds and high
pressur involved. These require thut best technology and quality controls
and the most advanced prediction and design methods are used to achieve
the highest svailability and continuity of operation. Design extrapolatisw
extended to & Tange dbeyond the limits that specific experience should
impose have high potential riske of opsrating difficulties, in partioular
for the more seUe¥e prooess conditions, when the spcified synthesie
pressure is very hMgh.
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The mast videly used iniustrial standards, that is to say API,
NTMA, AGMA, ASME, ASTH, cannot cover the manufacturer's lack of know=how

and sxverience.

PROGRESS LN THEORETICAL FREDICTION AND FY.PERIMNTAL INVESTIGATIS
The dssign problems of high speed - high pressure - lov flow range

centrifugsl compressors are centered around the areas involving the
careful analysis of the rotor systea d/mamics, the shaft-eni oil seals,
and the rotor axial thrust.

The dynamics of a rotating machine become proressively more
complex as its design speed, pover and operating yas density or pressure
incresse : higher dynamic forces sxcite thre rotor belriwvstem to vibrate
at its maximua sensitivity frequencies. The mechanical trouble-free
operstion of the machine 14 strictly correlated with the amplitudes and
frequencies of rotor vidbrations.

latersl vibration phenomena are extremsly conplexs
Synchronous vibrations are caused by unbalance in the rotor system,

misalignment and rotor or casing distortion.

Prequencies at multiples of the synchronous frequency of the
rotor are atiributabls to internmal rubs, passing frequencies :nd
misalignment.

Asynchronous vibration frequencies that are not multiples of the
synchroneus frequensy of the rotor and the sube=gynohronous frequencies.
are generated by intermal hysteresis and friction forcse, Yy
sereiynanics) and lead-excited forces, poseible rotating stalls at
reduwoed flov, various puessure pulsstions.

Back of the abeve factors affects the dymasic behsviour of the

integrated weten omeisting of the Seter, the beerings (and oil ssels)
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and the support structure; these forces oan e@xcite the system
upto the loss of any margin of positive damping in the system, thus
destabilising the rotor.

The design of the rotor system is optimised for dynamics by
making use of elaborate computer prosrammess

In the first stage, the systen's lateral oritical speeds are
caloulated in function of the equivalent support - desring stiffnesses
This progremns also gives the rotor mode shapes at the critical speeds
for each selected value of the bearing etiffness.

In the seoond stage the rotor response to unbalancing forces is
considered; the rotor motion througheout its operating speed range is
studied as s damped systen; the response plant gives the mjor semi-axis
of the elliptical whirl orbit, at select~d stations, for each speed,

The arprosoch to valuaste the stability limit is the calculation of
the natursl frequencies of the rotor - bearing - suprort system through
the selected specd range; the programme gives the naturs] frequencies
(synchronous and asynchronous) of the rotor system and the relevant
damping fsctors all throuzh out the speed range.

The proper use of computer programnes requires adequate knowledge
of the response functions for selected type of bearingsy The values of
these spring and damping coefficisnts have been Jdetermined by various
authors. In very high pressure enviroments all the forces should be
carefully considered, including ssrodymamical omes and those gemesated
by turbulence and from any dissymmtry. The valuation of their magnitude
and of their ceoefficients of influence becomes extyremsly diffieult.
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Computer's programmes are powerful forcasting instruments
for tiue Jesigner but the threshold of the inst Wwility ne.1s sure
sonfirmation by experimental testing »f the vrototypes unier the
aame actusl operating coniitions. This is at rresent t:» anly
riht way to know exactly the shaft's behaviour at wery ni ‘. pressures
ani to correct and improve the theory. The control of the atatility is
eseential, bein- the instubility, amon. all other vizrations, b
wost in@idious 1nd uncontrollable phenomenon that could harnien.
ahirl occurs suddenly and normally st frequencies lower tian *nc rinrins
speed of the compresaor.

iisher stiffness of the rotor uni of the rotor zuprorts are
essential for safer murgin of etability of the system or.to acieve the

stability upto a given svteed.

D=3IGN FOR RELIABILITY

The optimisation of an hizh pressure syngas czntrifurl comrrescer
ieminds careful attention to details of mechanice ini thermodyn.mics.
Due to “he low flow rance of capacities ind the high heai re:uirad, the
1mpellers result of small diameter so ao to achieve better rolytropic
afficiency by correct fluodynamic proportioning.

Clearances of the internal labyrinth seales must be set at a minimum
to keep high the volumetric efficiency.

Diaphragme must be designed to withstund high differential
preasures.

Sotational speeds and power result high. Thus internal and the

external stresees, &s can be applied through the couplinge and piping

loads, place more stringent requiremsats to the machinery designer.
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Tha examination of the ~eometrical dimensgions of the lu.t
make-up=-gas CORMpPressor casing {tnat incorporates the recycle wneel)
sc ag it is designed by Nuovo rignone - for rressur» upto
im0 ATY « shows the oareful stuiy cf its comuonernts,

The masg2s of the rotor are distributed so 4s to achieve the
~reatest stiffness together with the bearing's supports trat are integral
witn the barrel end-covers. The outer surface of ti- shaft forms directly

part of the fluodynamic path of the gas at impelier's inlet.

The impellers, that are manufactured by welding or sparx ernsion
nly, are shrinkefitted on the shaft in such a way as to avoid indesirable
rysteresis affects.

With the radial bearings designed for high dampin: capability,
ibove systen oxil’itu hizher critical speed, low rotor sensitivity to
.rbalance, very high stabilit: at any speed in the operatings ranse upto

and above 15000 RPM.

The oil seals bushingss on the low pressure side of the shaft sre
to be made floating by frauctionating the hizh differential pressure oil-to-
1tmosphere in several steps; then more than one o0il ring is are used,
71l seals of particular designs can improve the ctadility. Wxpcial
sroving of the oil rings surficee facing the shaft, demonatrates positive
jasving contribution to the stability balance.

Fositive and limited . instantaneous values of the
Jiftferencial pressure oil-to-gas all around the shaft, needs careful
design of the seal oil system; oil inhibitors and additives can produce
lacquering and § stioking of the seals by deposition of reaction products
vith ammonia treces in the ges stream. This phenomenon that is also

favoured by high lecal temperatures is avoided by optimising the oil

film flow,
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The axial thrust in high presaure comrressors requires
extrese consideration other than the effects of the nigh 1ifferential
pressures., Those coming from the pressure gradients between the facing
surfices of the impeliers and of the diaphragmare greatly contributing
to incresse the total unbalanced thrust. Ofcourse tne balanced load
as obt:ined by oprosing a big force to the above one - oy tne compensating
device of the compressor - is limited to a small percentase only of the
bearing's rating load. But due to tte amount of the additional external
forces that can be transmitted from the cnrupling and that are to be
considered, the thrust is increased andi may apvroach the rating load
of the thruast dbearing. !ther axial forces, as aprlieri by transients or
by cheuged labyrinthe dmmnces can further increase the thrust, uTt~
values beyond any with-standing capability of the doubtle actinc thrust
bearing.

Above critical conditions are unavoidable for the syngas
compressors due also to 1imitations of the peripheral speed of the thrust
collar that ludbrication recommends not to excerd and that limits the
size of the thrust bearing that can be selected.

Design of the internals so as to rositicn the labyrinths all at the
same diameter assures the best control of the internal axial forces,
while the coupling thrusts can be controlled and kept lown by good
alignment and the selection of really anti-sludge courings. For safet;y
reasons other than reliability the bearing supporte are integral with
the snd-covers. The provision of load mssasuring cells and temperature
sensing devices is of utmost importanoce. High speed - high power
trencniesion requires carefully desigmed couplings: hud and spacer
ave contered by the teoth's flams. The tooth profile is such to avoid

cormor londing (Gwe to misalignments), The teeth surfices are

sentinuously "washed” by the oil flov supplied through the holes
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swise=en ne teeth so that the oil or other immrities canrot stagnite,
Srrune fitting of the hubs avaoids rosaibilities of unbalance

int stross concontrations on the shaft'e taper, The shafteeoni strength
resilts increased.  Loosenecs due to teeth's 81idin; friction is eliminated,
Souclingss must be light to reduce negative influences on tne rotor

srstem atability, The bending radial force ani roment due t>

'3..1.mnent are apelied ac near as vossible to the bearinss Ly the
aub jesign,

TTEALL ASLIARILY

It i3 not noasible to iiscuss all the other factors, but a fast

rantion of them is to be made,

The associated equioment, as the lube and seal 0il system, the
ciring system with the gas exchangers around machines, the valveg =nd
the instrumentation should be considered integrated with the compressor
train.

Reporte of the operating experience show that auxiliaries are the
main source of minor but frequent troubles, For this the poesibility
that all the system be engineered by a single supplier should be taken
inte consideration,

The machine can be dumased not only by  ups:* conditions of the
luicte ani seal oil system; operation in surge conditions, uncontrolled
opening of the bypass valve, sudden variation of the load for acclidental
T€3scns or for erroneocus operation, opening of an improperly designed
relief valve, can generate tremendous dynanmic loads,

Instrumentation and protective d‘lvicu are of vital importanoce.
It is fundamental to control ths rotor ehaft vidbrations and axial
thrust, The temperature of the oil to and from the bearings.
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The 4ifferential pressurs from downstrearm the balancineg drum teo the
compressor suction and seal oil inlet tc reference ,as.

Two levele of alarm are to be proviied for low lube oil
pressure and for low level of Seal oil on the overhead tarks, for hish
vibtrations, high axial thrust, high @ifferential orecsure throuch
the diaphragm that soparates the M,U,3. fronm the recycle sactinn
in the last compreseor casing, The licohragm is "ro*-cte] bty sre
automatic bulancir. vulve, The rrovigion of the check valve that
avolile roesible reversul rotation, shcull {solatinon valves imrroperly
orerate, is important; the blow=out valve to depressurise the circuit
in case of failure of the seal system is impertant for safet: reas-ns “coa,

Beyond any consilderation of desim, expericnce sihnws *hat one
clant is trouble=-froe operating, while another may have any sort cf
rroblemst

Safe ani reliable operatisn of the -clant requires that *i.» coeratnrs
be very well trained and highly responsible people., The same ochilosoonhy
apply to meintenance personnel. They must beccme familiar
with the equipment unider control. They must understani the :si,nificence
of vibrations and of an increasing oil temperature as of any other
instument response or operation.

In the lonz term operation, changes of the tolerances can happen
due to transients and normal wear.

Operation with gas.under conditions different than normal, can

pronots corrosions or deposits on the rotor. Potential ocauses of

troudbles can be olimim ted, if timely Jetected, by proper ocorrective action.
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The comparative analvsic of tne inatrumeontz read-outs allows
to diagnose the internal conditions of the machine nd th conteel
of unfavourable develovin. tr=nis.

The maintenance of the trotection dovices 'nd of the
natrumentation does not need to be emphasised, By takin: meriodic
-ieasgurements of the terperaturss, the axial thruasts ani vibratisns
>f the bearings, and recordin: the trenis, ifs ;03cible to jlan

<i:e maintenancs and prevent any emer.ency . huteiown or seri-uz failure.
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