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ABSTRACT

Axial flow mechanical device is one in all the foremost vital elements of turbine. In style of Axial flow
mechanical device the work conferred contains of basic flow parameters and dimensions of elements, this makes
the more style method quite easy and also the results are useful to require more changes or improvement at the
time of careful style. the target of labor conferred is to style Axial flow mechanical device by victimisation
mean line technique for a given mass rate and needed pressure magnitude relation. The parameters determined
additionally embrace thermodynamically properties of the operating fluid, stage potency, variety of rotor and
mechanical device blades, tip and hub diameters, blade dimensions (chord, length and space) for each rotor and
mechanical device, ratio, flow and blade angles (blade twist) . constant parameters also are determined for all 5
stages. The twist of the blades will be calculated on the blade length at any needed variety of sections designated
by the designers to get swish blade twist profile. NACA 65410 profiles is employed to come up with coordinates
of the blade. Further, within the method the primary stage of axial flow mechanical device blade is developed
victimisation Solid works modeling. additionally CFD simulation has been administered victimisation Ansys
CFX to validate the results. additionally Static structural Analysis has been performed to examine whether or

not the rotor is safe at given speed.
Keywords: Compressor, NACA, Axial flow, rotor, stator
I.INTRODUCTION

Axial-flow compressors square measure employed in medium to massive thrust turbine and jet engines. The
mechanical device rotates at terribly high speeds, adding energy to the flow whereas at constant time press it
into a smaller area. the planning of axial flow compressors may be a nice challenge, each aerodynamically and
automatically. [1] The mechanics mechanical device style method primarily consists of mean line prediction
calculation, through flow calculation, and blading procedures. The mean line prediction is that the
commencement among mechanical device style. it's an easy one dimensional calculation of flow parameters on
the middle height line of the mechanical device wherever international parameters because the annulus pure
mathematics, the quantity of stages, and therefore the stage pressure ratios square measure scaled [2]. it's
necessary {to style|to style} Axial flow mechanical device at preliminary level and need parameters may be

checked at initial level thus more improvement may be created at primary level before begin an in depth design.
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The mean line prediction method because it is performed nowadays may be a terribly fast and reliable technique
for mechanical device preliminary style generally, the results of the preliminary method square measure
obtained by time intense manual parameter studies supported engineering intuition or expertise. the ultimate one
dimensional answer is employed as Associate in Nursing initial guess for the following style method, e.g. for
through flow calculations [4].

These calculations additionally embody natural philosophy properties of the operating fluid, stage potency, and
variety of rotor and stator coil blades, tip and hub diameters, chord, length and area of blade for rotor and stator
coil, ratio, flow and blade angles. A recurrent stage calculation is created to calculate the on top of parameters
on mechanical device stages. the standard approach to axial-flow mechanical device mechanics style was to use
varied families of airfoils because the basis for blade style. yank follow was supported varied families designed
by the National informative

Committee for physics (NACA),the most common being the 65-series family[5] .NACA 65410[6] device is
employed here to come up with blade coordinates. within the 1954,Donald M. Sandercock, kovach Associate in
Nursingd queen Lieblein designed a 5 stage axial mechanical device and administered an experimental
investigation with all rotor rows in operation with sonic relative recess Mach numbers designed as analysis unit

to check the potentialities and issues arising from the combination of sonic stages.
I1. DESIGN PROCESS

The steps involved in design of axial flow compressor is Shown in figure 1. Suitable design point under sea
level static conditions [5], given pressure ratio is 4.75 and Air mass flow rate is 30 kg/sec. Also, Axial velocity
Ca= 160 m/s and blade speed is 270m/s is considered.

I11. ANNULUS DIMENSIONS

Stagnation and static properties can be found by simple thermodynamic equations and the Enthalpy-Entropy
diagram which is shown in fig.2 Once Py, To and P, T at entry and exit have been found.
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Fig 1 Aerodynamic Design input and Steps
IV. ESTIMATION NUMBER OF STAGES

The number of stages is found by dividing total temperature rise in all stages by Temperature rise per stage.

Where AT, = M 'Cﬂ'(gﬂ ] Cwl) |

P
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Fig 2 Enthalpy-Entropy diagram

V. STAGE BY STAGE DESIGN

The rotor and stator of a stage are shown in figure2 Note that all angles are referred to the axial velocity vector
Ca. Air exits from the previous row of stator blades at angle of alwith absolute velocity C1.The rotor rows has
tangential velocity, and combining the two velocity vectors gives the relative inlet velocity vector W1 at angle
B1.At rotor row outlet the velocity triangles are similar to those draw for the axial flow pump, and absolute
velocity vector C2 moves into the stator row where the flow direction is changed to C3 with the absolute
velocity C3The diagram have been drawn showing a large gap between the rotor and stator blades. In practice,
the clearance between the rotor and stator is very small. If the following stage is the same as the preceding one
the stage is said to be normal. For a normal stage C1=C3 and al = a3. V2 is less than V1, showing that diffusion
of relative velocity has taken place with some static pressure rise across the rotor blades. The air is turned
towards the axial direction by the blade camber and the effective flow area is increased from inlet to outlet, thus
causing diffusion to take place. Similar diffusion of the absolute velocity takes place in the stator where the
absolute velocity vector is again turned towards the axial direction and further pressure rise occurs.

VI. CONCLUSION

With available data i.e. Mass flow rate, Pressure ratio and Pressure at given Altitude. The Blade profile has been
generated for both Rotor and Stator analytically. The other possibility of flow separation is also checked with
Mach

number and Pressure co efficient. The calculation spread sheet is made so by input the values one can get the
required parameters to generate the blade coordinates.While comparing theoretical design results with analytical
results, it is observed that the CFD analysis results are in agreement within acceptable range of theoretical
results.
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