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ABSTRACT 

Experiments to determine the effects of the 

dimensions of the L-shape entrance of axial flow comp- 

ressors on different flow parameters, were carried. A 

test rig was built. Instruments to measure velocities 

and pressures were designed,constructed and calibrated. 

The conclusions obtained are believed to be prac- 

tically useful in the design of axial flow compressor 

entrance. There are two main conclusions obtained : 

a. The optimum mass flow rate distribution is obtained 

when the width to depth ratio of the L-shape inlet 

is about 2. 

b. The most effective movement of the inlet plates on 

the mass flow rate distribution is that of the 

vertical plate movement. 

INTRODUCTION 

Due to some severe conditionslit becomes impossible 

&to provide the axial flow compressors with ideal 

inlets, and instead; the L-shape inlets are used. The 

use of an unsuitable intake affects the compressor 

performance, and the effects may appear as a decrease 

in efficiency and an increase in vibrations. 
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The present work is a trial to give an answer to 

the question about the most suitable dimensions of the 

L-shape inlet which can give the best mass flow dist- 

ribution near the compressor face. 

Experimental approach for tacking this problem 

was tried. A test rig was constructed and special 

instruments were made to suit the required specific 

readings. 

The results taken, being numerous, necessitated 

the use of a computer for processing, and hence a 

suitable computer program had to be done.The following 

conclusions have been deduced : 

The optimum specific dimensions of the L-shape 

entrance that gives the desired parameters for the 

best mass flow distribution has been found to be st 

the ratio : 

Also, it has been deduced that the vertical plate 

movement has considerable effect on the performance 

more than the movement of the bottom plate. 

LITERATURE REVIEW 

It is well known that the efficiencies of the 

axial flow compressors are low by themselves compared 
C 

by machines used for the same purpose. Therefore, it 

becomes a good practice to provide these machines with 

ideal inlets, but this is not always possible. Some 

compulsory conditions may necessitate the use of 

L-shape inlets. Such inlets affect the performance of 

the axial flow compressors seriously due to some flow 

problems which may be raised. 



A non-uniform velocity distribution at the comp- 

ressor inlet may cause poor performance, or even cause 

fatigue failure of compressor blading ( 1  1 . A standing 

vortex developed close to the machine intake has been 

observed using smoke tracing tests. This vortex is 

believed to be another cause of compressor failure(2). 

The ideal inlet shape,giving the best flow pattern 

can be achieved by theoretical treatment, using the 

well known laplace equations for potential flow, but 

the resulting calculations should be checked with model 

tests. Considerable experience has been gained in this 

respect, specialy in draft tube design, and in the 

intakes of axial flow pumps (3). 

Sometimes, and due to space limitations, the 

L-shape inlet may be the only one which may suit the 

existing situation, as it is the case in some marine 

gas turbines. Theoretical calculations for such a case 

can not be reliably attained, because of the sharp 

changes in flow direction and the resulting non-unifor- 

mity in the flow. 

Experimental treatment in this case may be a 

simple possible way to attain the conditions leading 

to the best mass flow distribution. 

APPARATUS AND EXPERIMENTAL PROCEDURE 

Experimental study becomes necessary to inves- 

tigate the effects of the inlet shape dimensions on 

the flow parameters. They are mainly; the velocity, 

the pressure and the mass flow rate distributions at a 

suitable section before the compressor face. The 

determination of the dimensions which specify the 

optimum inlet shape, would be possible in this case. 



For that purpose, a test rig had to be designed 

and constructed. Also, some instruments might be 

manufactured to suit the required measurements. 

1.  THE TEST RIG 

A test rig was designed and constructed at the 

Faculty of Engineering and Technology, Mataria(He1wan 

University). Fig. (1) shows the details of this test 

rig which is composed of the following main parts : 

a- The L-shape i n l e t  duc t  

This duct is built in such a way to allow for any 

change in the inlet dimensions. The farther vertical 

plate facing the blower is allowed to move back and 

forth through the range (Xw - Xo 1 ,  while the bottom 

plate is allowed to move up and down through the range 

(Zm - Z ) as can be seen in Fig. (3). 
0 

b- The b lower  

The blower is of the axial type, and it is driven 

by a synchronous motoz.of 7.5 horse power, and a speed 

of 2900 r.p.m. In place of the blower hub, a wooden 

shaft of 240 mm diameter and 210 mm long is mounted 

in order to simulate the actual conditions in practice. 

On the otherhand an aluminum cone is fixed at the end 

of the extended shaft to the vertical plate to prevent - 
vortex formation. 

The annular entrance to the blower, consists of 

a wooden horizontal--passage of a suitable thickness. 

Four groups of holes were drilled at the top, bottom, 

right and left sides of the passage. Each group is 

composed of five wall tappings as illustrated in Fig,. 

(4). A butter-fly valve is _mounted just after the - - 

blower, for the purpose of flow control. 



2 .  MEASURING INSTRUMENTS 

Special types of instruments must be prepared to 

fit our purpose for the specific measurements. These 

instruments are: the five-hole spherical pitot probe, 

the multitube inclined manometer, and the vertical 

manometers. 

a- The f i v e - h o l e  s p h e r i c a l  p i t o t - p r o b e  

To measure the flow velocity in a11 directions, 

a five-hole spherical pitot-probe, with a spherical 

sensing head of 6 mm diameter, was designed and manu- 

factured at the workshops of the Minstry of Irrigation. 

Calibration tests were carried out using a wind 

tunnel equipped with the necessary calibration require- 

ments. A calibration chart has been prepared according 

to the detailed informations given by different authers 

(5) and (6). This chart can be referred to in 

Appendix B. 

b- The  manometers  

A multi-tube inclined manometer was prepared to be 

used with the pressure probe.The manometer is composed 

of 10 tubes with inclination angle 45 ' .  

On the other hand, two vertical U-tube water 

manometers were arranged to measure the static pressure 

around the annular entrance, where the wall tappings 

are spaced 15'  apart. 

PROGRAM OF EXPERIMENTATIOfl 

The following measurements are necessary for the 

present investigations : 

1. The velocity of flow in all directions at a suitable 

section before the blower. 



2. The s ta t ic  pressure  v a r i a t i o n s  around t h e  circom- 

ference  a t  t h e  s e l e c t e d  s e c t i o n .  

A l l  t h e s e  measurements a r e  requied a t  each 

l o c a t i o n  of t h e  v e r t i c a l  and bottom p l a t e s  through t h e  

ranges ind ica ted  i n  Fig.  ( 3 ) ,  with t h e  d ischarge  valve 

being f u l l y  open, which i s  t h e  case  of f u l l - l o a d  

opera t ion .  

THEORETICAL CONSIDERATIONS 

For t h e  purpose of t h e  c a l c u l a t i o n s  r equ i red ,  

some r e l a t i o n s  must be der ived  f o r  both v e l o c i t y  and 

f o r  the m a s s  flow r a t e .  

I -  V e l o c i t y  c a l c u l a t i o n s  

A t  a s e l e c t e d  s e c t i o n  before t h e  b l o s e r  f a c e ,  

where t h e  measurements a r e  c a r r i e d  o u t ,  we have : 

The t o t a l  pressure  a t  any po in t  i n  t h e  flow i s  

given by : 

- 
' t o t a l  - Pst + f P C2 (1)  where : 

p r e p r e s e n t s  t h e  f l u i d  dens i ty  and C is  t h e  f r e e  stream 

veloc i ty(comple te  nomenclature i s  given i n  Appindex A ) .  

On t h e  otherhand, i f  t h e  energy equat ion i s  

appl ied  between a po in t  i n  t h e  f r e e  stream and t h e  n th  - 
ho le  on t h e  s p h e r i c a l  head of t h e  pressure  probe we 

q e t  : 

Pst + f P C2 = Pn + f P C; ( 2 )  where : 

n i n d i c a t e s  t h e  ho le  number 1 ,  2 ,  3 ,  4 and 5. 

so lv ing  equat ions (1 ) and ( 2 )  we have : 

Cn 
p u t t i n g  { I  - ( -  1 ' )  = Kn and f P C2 = q equat ion ( 3 )  C 

becomes : 



- Pn - Pst + Kn 9 (4) where : 

Kn is called the pressure recovery factor and it is 

only a function of the two angles a and 6, which can be 

referred to in Appendices A and B. Equation (4) can 

then be arranged to be readily used with the inclined 

manometer readings, and therefore we can have the 

fol'lowing two equations : 

- P 2  sin 4 + P  = Pst t K 2 q 1  ) B 1 (5) 
- P 4 sin $ + P B =  Pstt K4 q 1  ) .  

where: PB represents the barometer reading, and 

4 is the inclination angle ( 4 5 O )  . 
substracting and arranging we get : 

(P4 - P2) 
q )  = sin $ ( 6  1 

K~ and K4 can be obtained from the calibration chart 

knowing that the calibration factor ka is given by the 

following expression (4) and (5) : 

(P, - P4) 
K = = £(a) (7 1 

(Pj - P5)  

while P I 5 ,  P2, Pj ...... are the inclined manometer 

readings through the corresponding holes. 

The velocity term C can then be obtained from the 

calculated value of q' and once the velocity C is 

known, the various components can be calculated accor- 

ding to the following expressions : 

Cx = C cos a cos 6 . 
C = C cos a sin 6 . 
Y ( 8  1 

C 2  = C sin a . 



One set of measurements, will be given here as on 

example, while the whole measurements can be referred 

to in Appendix C. 

I .  S e l e c t e d  measurements  

The following are experimental measurements taken 

at the vertical plate position x = 37.5 cm,and the 

bottom plate position : Z = 4 2  cm. 

x=37.5 cm, station 1 temp.atmos. Lower half zO 4 2  cm 
20°C 757 mm Hq 

TABLE ( 1 ) :  Inclined manometer readings at the corres- 

ponding dihedral angles. 

P, = 75.85 cm J3g Tem p. : 23OC. L a v e r  half. 

8 O 0 15 3 0 4  5 6 0 75 9 0 

TABLE ( 2 ) ;  Static pressures as measured by the vertical 

manometer in the lower half. 
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2. Mass-f Zou rate calcuZations 

To calculate the mass-flow rate for both the 

upper half and the lower half of the annular selected 

section, the mean axial velocity for each half should 

be computed. 

Separate axial velocity profiles are to be plotted 

for this purpose and then, the mean ordinates can be 

obtained.Making use of the static pressure measurements 

around the circomference, the mean density for each 

half can be computed. 

The mass flow rate can-than-be calculated for 

each half alone and for all positions of the vertical 

and bottom plates using the equation : 

M = p A C m  (9 ) 

Where A represents half the annular area at the 

selected section. 

EXPERIMENTAL R E S U L T S  

Measurements were taken at five stations using 

the pitot probe to select the most desirable section 

to be used for carrying out the experimental program. 

Station (1 ) shown in Fig. (4) proved to be the best. 

Measurements were recorded for each position of both 

the vertical and bottom plates through the ranges 

indicated in Fig. (3) . 
A computer program was prepared for calculations, 

and complete records for the velocities, the static 

pressures, and the mass flow rates at the selected 

section were already obtained. It was necessary to 

concise this bulky body of resultstin order to achieve 

the required inlet dimensions. 



DISCUSSION OF RESULTS 

The variations in the mean axial velocity diffe- 

rence A cm between the upper and the lower halves of 

the selected section are shown in Fig. (5) for all 

positions of the vertical and bottom plates x and z ,  

while Fig. (6) gives the relation between the mean 
X axial velocity cm in each half and 7 , the dimension- 

less ratio. Fig. (7) shows the whole relation presented 

in a dimensionless form, where A cm is expressed as a 

percentage of the average mean axial velocity. 

From the previous figurestit can be observed that 

the best conditions of flow occur when the ratio = z 
2.09, or in otherwords, when x=2.156 d, and Z=1.031 dl 

where d is the duct inside diameter before the blower. 

Again, it becomes more significant, if the mass 

flow rates are plotted instead of velocities. The 

representation in this way will not only indicate the 

mass flow rate distribution between the upper and the 

lower halvestbut it will give also an indirect indica- 

tion about the uniformity of the static pressure across 

the whole section, since the densities computed from 

the static pressure measurements, are included in mass 

flow rate calculations. These new relations are shown 

inFigures (8), (9) and (10). From Fig. (lo), the 

relation between the mass flow rate and the position 

of the plates, is shown presented in a dimensionless 

way. 

It can be observed at once that the best distrib- 

ution of the mass flow rate between the two annular 
X halves, occurs at the ratio 7 = 2.09, which agrees 

completely with the results obtained from the velocity 

representation. 



Now, we can say that the minimum deviation of the 

flow from the ideal conditions, occurs at the previous 

specified proportions, and away from which the devia- 

tions increase. 

The above results indicate that the optimum dimen- 

sions that give the best distribution are thought to 

occur where a stabilized cusion at the bottom is 

created and the local eddies are therefore minimized. 

CONCLUSIONS 

Two main conclusions, which are believed to be of 

considerable practical importance; have been deduced. 

The first one concerns with the inlet-size dimen- 

sions. It indicates that the best flow performance 

when using L-shape inlet is obtained when the width to 

depth ratio is about 2. 

The second conclusion is dealing with the most 

effective movement of the inlet plates. It is found 

that the movement of the vertical plate is more 

effective. 
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APPENDIX A 

NOMEBCLATURE 

ACm 

: Free stream velocity. 

: Mean axial velocity. 

: Mean axial velocity (lower half). 

: Mean axial velocity (upper half). 

: Difference between upper and lower mean axial 

velocities. 

: Velocity at the nth hole of the pressure probe. - 
: Axial velocity. 

: Velocity in y-direction. 

: Velocity in z-direction. 

: Inside diameter of the duct before the blower. 

: Pressure recovery factor at the nth hole of the - 
pressure probe. 

: Calibration factor = '2 - '4 

: Mass flow rate '3 - '15 
: Mass flow rate in the lower half of the annular 

entrance. 

: Mass flow rate in the upper half. 

: Difference between upper and lower mass flow rates. 

: Barometric pressure. 

: Pressure at the nth hole of the pressure probe. - 
: Static pressure. 

: Total pressure. 
C 

: Kinetic energy = 4 p C2.(q': kinetic energy head -1 
2g 

: Distance of the vertical plate measured from the 

blower face. 

: Distance of the bottom plate measured from the 

blower axis. 

: The angle between the pressure probe axis and 

it's new position. 

: The dihedral angle between the flow plane and 

the meridion plane. 

: Fluid density. 

: The angle of inclination of the multi-tube 

manometer = 45 O .  
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