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Abstract—Analysis of flow via the cryogenic expansion turbine using computational fluid dynamics. The flow through an
expansion turbine with radial input and axial exit must be analysed in three dimensions. ANSYS Blade Gen, ANSYS Turbo
Grid, and ANSYS CFX are the tools used in this process. ANSYS BladeGen was used to build the turbine's 3D model. ANSYS
TurboGrid generates the mesh and ANSYS CFX does the analysis. Cryogenic turbine flow is first modelled using data, then
meshes are created, and various velocity and pressure contours are drawn to study the flow.
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INTRODUCTION

While the earth's atmosphere (oxygen, nitrogen) andthe crust (natural gas, helium) are teeming with gaseous raw
materials, we must harness and store them in order to put them to good use. Industrial gases such as oxygen,
nitrogen, helium, andargon are essential. Helium, argon, and other noble gases may be found in the earth's crust, as
can oxygenand nitrogen from the atmosphere. The primary goal is to employ these gases in a significant way. The
economy is heavily reliant on the production and use of these gases. Steel production, rocket propulsion, and
medicinal usage all rely on oxygen [1-2].

TIG welding and high temperature furnaces utilize argon. Superconductivity, nuclear reactors, and other
applications need for helium. Rocket propulsion systems utilize hydrogen as a fuel. The fertilizer business relies
heavily on nitrogen. Additionally, it is used in the fields of cryosurgery and the semiconductor manufacturing
process. Chemical operations rely on nitrogenas a blanket gasandasa raw ingredient forammonia-based fertilizers
and chemicals. Shrink suitedto cryosurgery, liquid nitrogen isthe mostefficient chillingmedium, and high purity
nitrogen is used as a carrier gas in the electronic industry [3-4].

Air separationis the first step in the process of separating the gases. Expanding turbines are used to divide the air.
Severalfactors contribute to turbo expanders' superiority over high-pressure air separation (Linde). Product variety
and operational flexibility are all included in this bundle. It's still cryogenic distillation that's used to make bulk
industrial gases, even while adsorption and membrane separation processes at the upper temperatures gain
popularity. When comparedto conventional room-temperature distillation, the use of cryogenic distillation, which
operates at temperatures below 100K, has several benefits. This technique may produce large amounts of argonand
otherrare gases, aswellas liquid goods. Propane and other heavy hydrocarbons are removed from natural gas using
turbo expanders [5-7].

Turbospreaders ethane recovery requires low temperatures, which turbo expanders are able to provide at a lower
cost. Refrigeration, high-pressurewellhead gas, geothermal heat power cycles,and pressure letdownareall possible
uses for expansion turbines. Paper and other industries, as well as cryogenic process facilities, use expansion
turbines for waste gas energy recovery [8]. Expansion turbines may last for years and are more dependable than
reciprocating expanders. Gas lubricated bearings are maintained by process gas. This is made feasible by the
processgas. In contrast, theinputand discharge directions of cryogenic turbines are radial and axial, respectively.
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The single stage expansionratio of cryogenic turbines means thattheyarealways single stage machines. It is also
possible to use turbo-expanders to offer both cryogenic and ambient cooling. Closed-cycle Reversed It is possible to
keep radiation detectors and superconducting magnets cool using Brayton cryo-coolers [9].
Otheruses forturbo expanders include creating refrigeration for air conditioning in airplanes, as well as making
liquid cryogens. An expansionturbine removes propaneand other heavy hydrocarbons from natural gas streams. Its
the most cost-effective way to get the low temperatures needed for ethane recovery [10].
Applications that extract energy, such as refrigeration.

e Electricity generated by high-pressure natural gas
Thermoelectricity
In cryogenic process facilities, the Organic Rankine cycle (ORC) is used to reduce total utility usage.
For waste gas energy recovery in the paper and other sectors.
Impurities in gas streams may be frozen or condensed.
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FIGURE 1. With and without active expansion devices in cryogenic refrigeration.

LITERATURE REVIEW

It is a wonderful resource for tiny cryogenic turboexpander development. Textbooks on cryogenics and
turbomachinery are well-known. Scholar provides an overview of turboexpanders and their application in
contemporary, cost-conscious industrial facilities. Lessons from Whitfield and Baines' performance analyses Studies
on turboexpander technology may be found in major conference proceedings and periodicals like Advances in
Cryogenic Engineering. 8-millimeter turbine from Boulder's National Bureau of Standards [11-12].
Theturbineranat600,000rpmat 30 K. Its cryogenic turboexpanders with gas bearings were invented in 1974.
Cryostar, Switzerland, began developing an axial and radial cryogenic turboexpanderin 1981. A miniaturized
turboexpander for helium coolingwas created [13]. The turboexpander's lower and higher ends had radial inward
flowreactionturbines and centrifugal braking fans. 6mm turbine wheel, 4mm shaft the turboexpander's first and
second stagesspunat816and519kph. Theycollaborated with Goddard Space Flight Center on Brayton Cycle
cryocoolers. MILLION RPM 1.5 mm DIAMETER TURBINE (rpm). The Chinese Academy of Sciences created a
two-stage micro expansion turbine to generate 1.5 L/h helium. Their rpm was above 5,000,000. NBS USA has
createda miniature turboexpander. The first expander ran at 600,000 rpm on gas bearings. MCH facilities in
Moscow use Davydenkov et al's foil bearing turboexpander [14].

Therotorcould reach 240,000 rpm andthe shaft was 16 mm. "Cryogenmash" invented the turboexpander for the
gas expansion machine regime in 1991. In their description of turboexpander design, Authors mention CFD
software, CNC, and Holographic methods [15]. Anotherauthor built it for the Fermi particle accelerator's helium-
liquefyingequipment. A4.76 mm turbine rotoranda 12.7 mm brake compressor held the shaft. A 384,000 rpm
expander can cool 444 watts [16-17].

Author produced cryogenic turboexpanders with rotors up to 103 mm longand 0.9 N heavy. Both kinds of gas-
lubricated foil journal bearings were tested on theturboexpander. By usingactive magnetic bearings instead of oil-
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based systems, Atlas Copco has eliminated the need for [18-20] developed an inward flow radial turbine for
cryogenics. India's research and development lags behind. In the last two decades, CMERI Durgapur has expanded
dramatically. 40,000 RPM continuous rotation but theinitiative failed to makeany progress [21]. A turboexpander
of 80,000 rpmwas built by 1T Kharagpur. Dr. Ghosh's PhD dissertation focuses on cryogenic turboexpanders. For
20K, BARC's Cryogenic Technology Division has developed heated Helium refrigeration [22-23].

DESIGN OF EXPANSION TURBINE MODEL
Modelling the Blade Profile

An ANSYS BladeGen is used to build the model. It is a specialist ggometry generation tool for turbine blades.
Before processing, the bladesurfaces are constructed, a solid modelforthebladesand hubis created, 2-D drawings
are drawn for meridional contoursand nonflow-path hub geometry, as well as periodic fluid zones are created.

BladeGen's graphical user interface (GUI) is how it gets input from the user (GUI) [24].

ANSYS BladeGen

ANSYS BladeGenis used to build the blade profile, which is based on the dimensions provided in Fig.2. Tie lines
connect thehubandtip streamlines to form a governed surface. As a result, the surface formed is regarded as the
blade's "mean surface.” Solid and wireframe models of the BladeGen passage built using ANSYS BladeGen's Blade
profile are shown in Fig. 2 [25].
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FIGURE 2. Turbine wheel
MESHED MODEL OF BLADE PROFILE
ANSYS TurboGrid

Analysts of rotating equipment utilize ANSYS TurboGrid, often known as mesh, to construct high-quality
hexahedral meshes, while keeping the underlying geometry ofthe system. In the ANSYS process, these meshes are
utilized to tackle difficult blade passage issues. H/J/C/L- Grid is a suitable architecture for inward radial turbines.
As longasinclude O-Grid is checked, the mesh's orthogonality surroundingthe blade will be improved. There are
3,46,122 nodes and 3,20,800 elements in ANSYS TurboGrid's total node count. Figure 3 shows an ANSYS
TurboGrid meshed model of blade passage.
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FIGURE 3. ANSYS TurboGrid

THE STRUCTURE OF ANSYS CFX

Inorderto doa CFDstudy, ANSYS CFX utilises four software modules that accept a geometry and meshand send
the necessary data to them.

FIGURE 4. Meridional View of the Blade, Hub and Shroud
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FIGURE 5. The Structure of ANSYS CFX

DEFINING BOUNDARY CONDITIONS

Some of the topics covered include flow physics and solver parameters. Analyses. ANSYS CFX-Pre provides
boundary conditions for heat transfer models and periodicity. To create simulations, the CFX-Pre physics pre-
processoris used. It is possible to importmany meshes, enabling the mostsuitable mesh to be used in each area of
complicated geometries. To illustrate the turbine's boundaries, the pressures atthe intake and output are depicted as
constant in a table.

TABLE 1. Boundary conditions for five cases at Inlet and Outlet of Turbine

Inlet Outlet Inlet Outlet
Pressure | Pressure | Temperature | Temperature

(bar) (bar) (K) (K)

1.8 15 99.65 120

2.2 15 99.65 96

2.9 15 99.65 90.02

3.3 15 99.65 85

3.6 15 99.65 80

ANSYS CFX-Solver
An issue specification's CFX-Solver solves all of its CFX-Pre-created simulation's solution variables. ANSYS CFX
makes use of a connected solverto solve all of the hydrodynamic equations in one go. There are less iterations with
the linked solver than with the standard segregated solver for a convergent flow solution.

ANSYS CFD-Post
Interactive graphics tools for CFX simulation results are provided by CFD-Post, a state-of-the-art post-processing

application.

RESULTS & DISCUSSION
Pressuresat both theintake and outlet are kept constant throughout the analysis of five different pressures. To

reduce the turbine's temperature and pressure output. Throughout the investigation, the discharge will be taken for
granted. Various pressure heads were used in the investigation. Temperature, pressure, entropy, and velocity
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contours were used tostudy the flow of entropy, pressure, velocity, and temperatureacross theblade passages. The
turbine's efficiency is displayed at various pressure ratios.

Validation for Case 3
The CFD results of case 3 are validated with analytical values. It is observed from table 2 thatthe CFD values of the
case 3 are in fair agreement with analytical values.

TABLE 2. Comparison of CFD values with Analytical values

Analytical values CFD values

Inlet Pressure (bar) 2.9 3
Outlet Pressure (bar) 1.29 15
Inlet Temperature (K) 99.65 112
Outlet Temperature (K) 85.96 90
Inlet Entropy (kJ/kg.K) 5.352 5.36
Qutlet Entropy (kJ/kg.K) 5.452 5415
Inlet Velocity (m/s) 204.3 220
Outlet Velocity (m/s) 90.1 90

BLADE TO BLADE PLOT
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FIGURE 6. Velocity Vectors at 80% Span

e Casel (fig.6) showsa fluid inputvelocity of 220 m/s and anexpansion turbine exhaust velocity of 160 m/s.
Because the flow at the entry is cycled closer to the suction surface, eddies have formed.
Instance 2 (fig. 6) shows a modest difference in input and exit velocities when compared to case 1.
Case 3 (fig. 6) shows that theinputfluid velocity is 220 m/sand the expansion turbine output fluid velocity
is 80 m/s. Flowhasbeen foundto be circulatedand replenished atthe front door. At the turbine's outlet, the
flow shifted to the suction side.

e Case4 (fig.6) showsthat theinputfluid velocity is 210 m/sandtheexpansion turbine exit fluid velocity is
60 m/s. Compared to scenario 5, the turbine's exit velocity drops by a quarter of a percent.

e Fig.4.1 showsthat in the instance of case5, fluid velocity at the intake is 220 m/s m/sandtheexit velocity is
170 m/s.
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Case-1 Case-2

Case-4 Case-5

FIGURE 7. Contour of Entropy(s) at 80% Span

e Thereis a noticeable difference betweenthe inlet andthe exit entropy levels in example 1 (fig. 7). Ablade's
suction surface has an entropy maximum of 4850 J/kg.k at the entrance of the tunnel.

e Case 2 (fig. 7) showsan intake entropy 0f 4800 J/kg.k andanexit entropy of 4950 J/kg.k. 5100 J/kg.k. is the
highest entropy at the blade passage's suction surface.

e Entropyattheintake is5330J/kg.k and at the exit is 5410 J/kg.k, as shown in figure 4.2. At 20 percent of
blade passage from entry, entropy in the plane of blade to blade is 5420 J/kg.k at its greatest, while flow
advance to exit steadily reduces in entropy.

o Theentropy at theintake is5320 J/kg.k and the entropy at theexit is 5460 J/kg.k, as shown in instance 4 (fig.
7). The entropy in the middle region of the blade-to-blade plane at30 percent of the blade passage from the
entrance is 5480 J/kg.k., according to the results.

e Forexample,in Case5 (Fig. 7), the intake entropy was found to be 4900 J/kg.k whereas theexit was found to
be 5100 J/kg.k. On the suction surface of the blade, the maximum entropy is 4850 J/kg.k.

Efficiency rises with pressure ratioup to a certain pressure ratio of design value, then declines as pressure ratio
increases, according to computational efficiency values. Allexamples except Case 3 have an out-of-turbine pressure
of 1.5 barorlessthat declineswith increasing intake pressure. This is because stagnation pressure downstream
progressively diminishes as inlet pressurerises. Anywhere from intake to mid-stream, static pressure rises and then
declinesuntil it reaches turbine-exit pressure. However, in example 3 there is a tiny fluctuation in the streamwise
static pressure. From the turbine's intaketo the turbine's exit, the streamwise location's static entropy progressively
rises, then somewnhat reduces, then rises again. As with scenario 3, however, there is a tiny fluctuation in the
streamwise static entropy.
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TABLE 3. Dimensionless performance parameters

S.No Pressure Ratio Efficiency
1 1.2 0.65
2 15 0.71
3 1.9 0.8
4 2.2 0.78
5 2.4 0.7
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CONCLUSIONS

The meridional surface contours of the velocity vectors, or the Contour of Mass Averaged Pressure, are shown for
turbine analysis. Itis not taken intoaccount that there are leaks. Analytical pressure, temperature, and entropy
estimationsatthe turbine's inlet and outletare more accuratethancomputational ones. Conclusions derived from
this study include:

10.

11.

12.

13.

14.

The velocity of fluid atthe input of the expansion turbine is 220 m/s, whereas the velocity at the turbine's
outletis 80 m/s. At the entry, theflow s recirculated andreplenished. At the turbine's outlet, the flow shifted
to the suctionside. Analytical values arefurther removed from computational values. The velocity of the
fluid at the intake ofthe expansion turbineis 210 m/s, whereas the exit velocity is 60 m/s. When compared to
scenario 4, the output turbine velocity is lowered by 25%.

In scenario 3, the entropy at the intake is 5330 J/kg.k and at theexit is 5410 J/kg.k. The greatest entropy in
the blade-to-blade plane is 5420 J/kg.k at 20% of the blade passage from the entry,andas flow advances to
the exit, the entropy steadily decreases. It's 5320 J/kg.k at intake and 5460 J/kg.k exit in instance 4. The
highest entropy in the blade-to-blade planeis 5480 J/kg.k at30% of blade passage from the entry, as is seen.
Efficiencyrises with pressure ratioup to a certain pressure ratio of design value, then declines as pressure
ratio increases, according to computational efficiency values.
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