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OcobeHHOCTMU NpPoeEKTUNpOBaHUA, LI,EHTDO6E)KHbIX XonogunsibHbIX KOMMNpeccopoB

B cTaTbe npeacTasfeHbl MaTepuasnbl 06 0C06eHHOCT AX NPOEKTNPOBaAHNSA LieH T Pobe>KHOro Xos104nIbHOr0 Komnpeccopa A/s
MarncTpasnbHbIX razonepekaumsarLwmnx craHuuii (KC).

[ns obecneyeHnsa KpyrnoroanyHoro oxnaxkgeHus raza Ha KC mecTopoxkgeHus *AMbyprckoe» Mcnosb3yeT A CTaHuusa oxnaxkje-
Hus rasa (COlM). Bo n3be>kaHne Harpesa rpyHTOB BeYHOW Mep3/10T bl TeMnepaTypa NpMpPOAHOro rasa, nojaBaemMoro B MarncTpasib-
HbI TPY60NpoBOA, AO/KHA 6bITb B MHTepBasie oT O o MuHyc 2°C. LleHTpo6eXKHblli X0N0AWbHbIA KOMMpeccop ABNsieTCA OCHOB-
HbIM 3anemeHTamM COI, cBA3aHHbIM, C peXXMMaMun paboT bl X0N0ANNBHOW YCTaHOBKM 1 3aBUCALLLMM 0T napameTpoB OKpy>KatoLLeit
cpefibl., OXNaXKAaemoro rasa, cocTasa x/lagareHTa v UHbIX (hakTopoB.

KnroueBble C/i0Ba: LeHTPo6e>KHbI X0/T0AUMbHbI KOMMPeccop, LeHTPo6e>KHasi CTYMeHb, rasofguHamMuyeckme Xxapak TepucTu-
KW, MPOYHOCT b, XXeCTKOCTb, MaccorabapnTHble noKasaTesn.

Y cTaTTinpeicTasneHi MaTepiany Npo 0co6/1MBOCT i NPOeKTYBAHHSA BifL,eH T POBOro Xo/10ANLHOT0 KoMrpecopa Ans maricT-
panbHUX rasonepekavyounx cTaHuii (KC).

[Ona 3abesneyeHHs LinopivHOro oxonomkeHHs rasy Ha KC pogosuila "AmMOyprckoe' BUKOPUCTOBYETbCA CTaHLisA OXON04>KEHHS
rasy (COr). W06 yHUKHYTW HarpiBy rpyHTiB BiYHOTMepP310TUW TemnepaTypa NPMPOAHOro rasy, Lo NojaeThbecs B MaricTpanbHuii
Tpyb6onposig, mae 6yTun B iHTepBani Big 0 4o miHyc 2°C. BigueHTpPoOBUiA X0N0ANNbHUI KOMMPECOP € OCHOBHUM efiemMeHToM COl,
NoB’A3aHUM 3 pe>XxnMamMu poboTn X00AUTBHOTYCTaHOBKM i 3aN1eXXHUM Bifi NapameTpiB A0BKINIA, 0X0N04)KYBaHOro rasy, cknagy
X0nojareHTy i iHWWX YAHHUKIB.

Kto4oBI C/1oBa: BigueH T POBMiA X0N04UIbHMI KOMMPECOP, BifLeHTPOBA CTYMiHb, ra304MHAMIYHI XapaKTepUcT UK, MILHICTb,
XKOPCTKICTb, NOKa3HNKM Macu Ta rabapuTis.

The purpose of the paper is to design propane-butane refrigeration compressorfor the natural gas cooling station (GCS) at the
compressor station (CS).

A number of compressor configurations, such as single-flow gearless, single-flow geared and double-flow was considered,
their advantages and disadvantage were analyzed. Variants thermodynamic, design and checking gas-dynamic calculations were
performed. Also gas-dynamic calculation of the first compressor stage using computational fluid dynamics (CFD) was carried out.
Using FEA modeling after the numerous redesigns and strength recalculations, the compressor casing, cover and impeller with

maximal strength and stiffness properties at minimum mass-dimensional parameters were designed.
Keywords: centrifugal refrigeration compressor, centrifugal stage, gas-dynamic characteristics, strength, stiffness, mass-

dimensionalparameters.

Introduction

To preventsoilthawing atthe ut-
most North, natural gas temperature
in amain pipeline has to lay over the
range 0 to -2°C. The special gas cool-
ing station (GCS) has been designed
to provide the year-round gas cool-
ing. The required temperature re-
gime will be ensured in the following
way: in winter, over the six months
compressed gas will be cooled with
the air coolers (AC), and in summer,
when ambient temperature increas-
es to the +13°C, natural gas will
be cooled with both air coolers and
evaporators ofthe GCS.

The main component ofthe GCS
is the centrifugal refrigeration com-
pressor. It has specific features,
caused by the environment and
cooled gas parameters, refrigerant
composition and other factors.

Compressor characteristics

The designed compressor has
to provide cooling of the 305 kg of
the gas per second. It corresponds to
the refrigerant mass flow of 61 kg/s.
Polytropic efficiency has to be no
less than 78%. Refrigeration com-
pressor should work properly at
maximum absolute discharge pres-
sure 1,5 MPa, corresponding to the

condensation temperature 50°C
In addition compressor casing has
to stand maximum allowable work-
ing pressure 3,5 MPa, at minimum
weightand overall dimensions.

Construction arrangements
selection

Designing the compressor a
number of construction arrange-
ments, such as single-flow gearless,
single-flow geared and double-flow
were considered and analyzed. Ana-
lyzing these variants anumberofun-
satisfactory features has revealed.

As the unidimensional flow anal-
ysis showed there is a supersonic



refrigerant flow in the single-flow
gearless construction, so the shock
loss minimization problem has to be
solved. The single-flow geared con-
figuration eliminates supersonic
flow, but because ofthe significant
rotor speed drop, rotor approaches
its first critical speed.

Analyzing all faults of the single-
flow configuration, the double-flow
construction with two suction and
one discharge pipes and with impel-
lers back to back arrangement was
chosen (Figure 1). Besides such ar-
rangement has a number of advan-
tages. Firstly, there is almostno axial
thrust acting on the rotor and sec-
ondly the supersonic flow of the re-
frigerantis ruled out.

Compressor setting design

Compressor setting was designed
on the basis ofthe similarity theory.

To chose compressor stages,
variants calculation has been done.
According to the results of the cal-
culation polytropic work, required
to compress gas to the pressure
Pout=0>965MPa at pressure ratio
7i=4,14 and polytropic efficiency
equals Hp=69,3991 kJ/kg. Polytropic
head coefficient, required at the tak-
en rotor speed n=7800rev./min and
impeller outlet diameter D2=0,525 m
equals igp=1,509, and discharge co-
efficient <0=0,1302. Using obtained
discharge coefficient, polytropic head
coefficient and polytropic compres-
sionwork the compressor setting was
designed. As the prototype model for
the first stage the high-capacity stage
was chosen. As the prototype models
for the second and the third stages
the licensed stages with vaneless dif-
fusers with the outlet impeller diam -
eter 0,482 m were chosen.

Calculation of the gas-dynamic
characteristics, diffuser blade pro-
file, return channel, gas-dynamic
checking calculation and axial thrust
calculation were performed using
computer programs designed at the
enterprise, which are based on the
techniques, presented in Galerkin
(2000) [1], Den (1973) [2] and Se-
leznyev and Galerkin (1982) [3].

Calculation and design of the
first compressor stage

Up to the present moment one-
dimensional gas-dynamic calcula-

tion was the main blade passage de-
sign tool. Unfortunally this method
demands knowledge ofthe empirical
coefficients, and what is more im -
portantly it disregards the real flow
pattern. Thereby it is impossible
to design competitive compressors
without modem three-dimensional
flow analysis.

At the beginning, indispensable
gas-dynamic calculations based on
the quasi-three-dimensional mod-
el have been completed. Further a
number of gas-dynamic checking
calculations to estimate the real
stage characteristics using CFD
method have been completed.

The boundary conditions are
total pressure, total temperature
and inlet flow angle distribution

at the inlet and the static pressure
at the outlet. Riemann invariant
was used for boundary conditions.
Non-slip and adiabatic conditions

were imposed all over the solid
walls.
ENH [4] scheme was chosen

for the current difference scheme.
This is the extra accuracy Godunov
scheme.

For the calculation, the stage
was divided into two computation-
al domains. The first one includes
the impeller, and the second one

Figure 2. Computational grid: a) the impeller; b) the diffuser;

A commercial solver
age has been used for the
rent study. The solver adopted is a
three-dimensional, viscous, time-
accurate code to solve the unsteady
Reynolds-averaged Navier-Stokes
equations.

Menter's differential model of
turbulence was chosen. Inlet tur-
bulence level was given 7,5 % for
current calculation.

pack-
cur-

c¢) the return channel

includes vaned diffuser and return
channel. The grid contains 458752
cells in the impeller, 294912 in the
vaned diffuser and 557056 in the
return channel (Figure 2). H-type

cells, recommended for the three-
dimensional blade channels were
used.

The calculated characteristics

are presented in the Figure 3. As
the diagrams show, the results of
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Figure 3. The first compressor stage characteristics:—--- theoretical
characteristics (quasi-three-dimensional model); OO0 - calculated

the CFD calculations at the design
conditions agree with the theoretical
characteristics.

Compressor casing and cover
design

Because of the complicated
three-dimensional configuration of
the constructs the three-dimension-
al computational model should be
used. A commercial solver package
has been used for the current inves-
tigation.

The design and the finite ele-
ment model of the tentative casing
construction are shown in the Fig-
ure 4. The casing is symmetrical, so
to minimize the computational re-
sources symmetric section was con-
sidered.

The construction
internal hydrostatic
4 MPa.

The results ofthe calculation are
shown in Figure 5. Analyzing these
results it was found, that axial ten-
sile stresses in the flow splitter re-
gion of the volute reach the critical
value (Figure 5,a). High axial stress-
es arise in the compressorinlet duct
and horizontal parting flange con-
nection point (Figure 5, a). In ad-
dition because of the compressor
entry flat region and end surface
buckling the bending stresses arise
(Figure 5, b).

In the first calculation tightening
torque for the stud joint of the hori-
zontal parting flange was calculated.
The contacting pair “casing-cover”
was designed. The tightening torque
was obtained from the tightness con-
dition. It equals 50 tons.

is loaded with
test pressure

characteristics (CFD calculation)

The final construction with high
and long ribs, which embraced com-
pressor entry and end surface, is
shown in the Figure s . Also the hori-
zontal rib, which together with the
flow splitter, forms through stiffen-
ing rib was added. Besides, after the
numerous calculations flow splitter
shape was determined. Long fillet ra-
dius at flow splitter and compressor
entry walljunction were used.

Results of the calculation of
the final construction are shown in
Figure 7. Apparently taken steps
decreased axial movements and re-
inforce construction considerably.

Figure 4. The design and thefinite element model, tentative
construction: a) the design model; b) thefinite element model

Figure 5. Results of the strength analysis, tentative construction:

Further the tentative construction
was ruggedized with strengthening el-
ements. Stiffening ribs were installed
from the outside, and the flow splitters
in the compressorinletduct. Different
embodiments with different number,
shape and arrangement of the ribs
and splitters were calculated.

a) axial stress; b) axial movement

High tension regions decreased, dis-
placed and became local.

Maximum axial stress equals
a=525 MPa (az=1850MPa for the ten-
tative construction).

Mechanical properties ofthe ma-
terial after the final thermal treat-
ment are:



Figure 6. Final compressor case construction

e 0y=540 MPa - yield strength;

+ O”=525MPa - ultim ate tensile
strength.

Thereby, as the results show,
local stresses for the final case con-
struction are safety, because they
are lower than the yield strength.

Compressor first stage impel-
ler design

In consequence of the gas-dy-
namic calculation the impeller
blade profile for the first stage was
obtained. Further impeller hub and
shroud plates were designed. Af-
ter the numerous re-designs and
strength recalculations the impeller
construction (Figure s,a), provided
minimum stresses (Figure s,b) has
been designed.

Designed blade welding slot and
blade profile further were used to
design CNC machine part program.

Conclusions

Following tasks were solved in
this paper:

2. Using CFD the dimensionless
characteristic of the first stage were
calculated;

3. By means of the numerous
strength recalculations the casing
and cover constructions, provided
maximum strength and stiffness at
minimum mass-dimensional prop-
erties have been designed. Besides
impeller construction provided m in-
imum stresses has been designed.
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