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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1490

COMPARATIVE FERFORMANCE OF TWO VANELESS DIFFUSERS
DESIGNED WITH DIFFERENT RATES OF PASSAGE-
CURVATURE FOR. MIYED-FLOW IMPELLERS .

By Frank J. Barina

SUMMARY

Gz The effect on diffuser performsnce of tiie paggace curvature of
two vaneless diffusers Gesigned with a 6° equivalent-cone divergence
angle along & logarithmic-spiral path was investigated in combination
with two mixed-flow imsellers. The diffuser performance is based

on the yatic of the over-all adiabatic efficiency of the compressor
to the impeller adiabatic efficlency. The curves at actual impeller
tip speeds of TOO and 1200 feet per second are representative of the
rerformance for the speed range investigated. The neak over-all
adiabatic efficlency iz compared with the corresponding diffuser
efficiency.

The large difference in the. passage curvature of the two vaneless
diffugers made no appreciable diifference in diffuser performarce at
the peak coupressor efficlency for the range of speeds -investigated.

INTRODUCTTON

During an investigation of the performance characteristics of
mixed-flow imvellers, a program was gimultaneously conducted on
vanelegs diffusers to find means of taking full advantage of the
inherently high efficiency, large flow cavaclty, and wide operating
range of the mixed-flow impellers. Vaneless aiffusers designed by
the method of reference 1 gave efficiencies asg high or higher than
those of a vaned diffuser nreviously investigeted with the same
impeller and maintalned the usual vaneless-diffuser characteristics
of a flat performance curve and a wide operating range. The rear
plate of the diffugers described in reférence 1 was designed. to
- continue aprroximately the impeller-discharge angle in the axial
direction for most of the radius, This configuration caused the
complete cowpressor to have a great axlal depth,
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A considerable reduction in the axial dewth can be achieved by
curving both the front and rear plates of the diffuser to reduce the
axial component of flow as rapidly as vossible. This curvature,
however, introduces another problem in the design of vaneless 4ir-
fusers becauvse flow separation is likely to cccur along the front
plate of the diffuser unless the passgage .ares 1a rapidly reduced in
the directicn of flow, The optimun value of the centraction ratio
for the transition section would probably be congiderably leds than
the optimum value of 0.72 repeorited in referonce 1. The recomumeln-
dations concerning the contraction vatic in reference 1 were therefore
congidered inanplicable to a vaueless-diffuser design that had a
curved transition section,

The performance of twe 34-inch-diameter vaneless diffusers
designed by the method cf reference 1 Lo match similar mixed-flow
impellers is compared. These diffuscrs have a large difference in
passage curvature that is not considered in the design methed, The
commarative performance thus extends the information avallable on the
application of the design method of veneless diffusers.

APPARATTS AND PRUCTEDURE
Diiffusers

Two vaneless diffusers, designated A and B, were designed to
metch two mixed-flow impellers according to the design method of
reference 1. Bach dirffuscr had a &° equivalent-cone divergence angle
along a logerithmic sniral and an ovitside dleameter of 34 inches. A
dimenegional comparison c¢f the nassage curvabtires of the vaneless dif-
fusers le made in figure 1. The configuration of dirfuser A ia the
gsame 88 that used in refevence 1 in which A= 0.72. The quantity A is
the ratio of the exit-rassage (threat) width of the transition section
to the entrance-passage width of the bransiticn section. Diffuser A
maintains the axial discharge angle of the impeller for a greater part
of' the dismeter before turning the air into g radial direction, Dif-
fuser B changes the direction oi the flow i tae impeller to a
radial direction before the ajir enters the diffveer proper. The profile
of the rear plate at the transition section is formed by a clreular arc.
The profile of the front plate at this section ig a atralght line .
tangent to the impeller front shroud and %o another arc at the diffuser

= D

entrance. The transition seotion of this diffuser uses a gentle decreage

in flow area, which extends over the entlre passage curvature, Because
of thig area reduction, the value of A for diffuser B is 0.52. The
ratic of the Tlow area at the outlst of the transition seotion to the
flow area at the entrance of this section is 0.94 for diffuser A and
0.80 for diffueser B,
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Tmpellers

Toe mixed-flow impeller B ig shown in figure 2; mixed-Ilow
ailer A Jb gimilar in appearance. Fach of the impellers has

) ‘";lbs A dimensional comparison of these impellers is wmade in
the I QLYﬁvJWg table:

Tmveller

A B
@9 aide dlamebier, A8« W s wils o F W s w s owle Mledd 11.56
Tilet diamster, 1A.  « & « » o5 v o 0.0 s o n o B.EB 8.25
IPlet hal diameter, IN: "« ¢ v £ ¢ v v s s v 0w 4 3468 3.68
Axial depth, in, gl T D L s e e Sl 4.16
Rimde ‘Holght at oubtlel, Ny 6 o 4 v o p o e 16 1l
Axial discharge angle,; 468 o o .6 s 9 9 0 5 ¢« o o 30 5 15)

Exverinental Setup

The performance of compressgors A and B was determined in the

2]

variable-comnonent rig in accovdance with the methods ¢f reference 2.

Each jmpeller Inatellatlion was wrde with a clearance of 0,035 inch
meaaured statically with resiuget to the stationary front shroud and
with the impeller in waximum- bﬂqut position. (See fig. 1.) A 600-

horsepover aireraf't engine in conjunction with a speed increaser was
used to drive the test rig,

Tnatrumentation

The aceuracy of the measuremente during stable operating con-
ditions is estimated toc be ag follows:

Temﬂmvature, DR o i M e el e e R

T £ R P T T R R R R
PReceie Barveye, WBE S d e s e e e et e e e sk DR
T R IR L et R S R

Total-pressure tubss for surveys across the imgeller outlet
were locabted apﬁerLﬁuﬁP]J 1/4 inch from the impeller tip and par-
a"“ei to the blades., The transition section of the diffuser was
ilvided into four eaual ssgments, and the total-presseure’

surveys were taken at the center point of each of thess segments,

Some readings were taken duvring unsta®le flow conditions by recording
the average of the fluctuvating pressures, but these data werc not used

in the verformence agnalysis. The total-pressure-survey tube was
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%/32 inch in dlameter and plugged at one end. A 0.020-inch-dismeter
hole was drilled 'in the wall of this tube near the plugged end.

Theimpeller tlp specd was maintained at the degsired constant
value with the aid of a speed strip and a 60-cycle stroboscopic light.
Frequent speed checks were made with a revolution counter and a stop
watch.

Experimental Procedure

The 1nvestlgablon of the uomnrcssors wag conducted according to the
methods of reference 2. A wethod of - experlmenbgl procedure similar to
that outlined in reference 1 was used for compregsor B. Coumpressor A
was run at actual 1mp0110r tip speeds of 700, 900, 1100, and 1200 feet
per second, Comvressor B was run at actual 1myeller tip speeds of
700 to 1200 feet per second at increments of 100 feet per second.
Room-temnerature ialet air was used for these investigations.

Comaputation

The over-all compressor performance was determined according to the
method of reference 2. Performance characteristics of the mixed-flow
impellers were basged on the arithmetical mean of the total-pressure
gurveys at the impeller tip. Because the coumpressor installations were
enclosed in an insulated system, the total temperature measured in the
oubtlet pine was assumed to be the same as that at the impeller-outlet
gtation. The diffuser efficlency, vsed to evaluate the performance of
the veneless diffusers, is defined as the ratlo of the over-all adiabatic
officiency of the compressor to the impeller adlabatic efficiency.

RESULTS AND DISCUSSION

Adiabatic efficiency .nqd at actual impeller tipn speeds of TOO and
1200 feet ner second is shown as a function of the load coefticient Q/n
(wvhere: @, volume flow, cu ft/gec: n, impeller speed, rps) in flgures 3
and 4 for compressors A and B. The parameter Q/n was used because
reference 1 showed that the flow conditions described by this paran-
eter determined to a large extent the nerformance of the diffuser.
Over the speed range investigeted, these curves are representative of
the performance of the vanecless diffusecrs.
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~ The veriation of diffuéer,éfficiency with the load-coefficient
parameter Q/n is shown in figure 5 at actual impeller tip speeds

- of 700 and 1200 fest per second. The greatest error in these effi-

ciencies arises from the inaccuracy of the impeller-performance

determination. Both diffusers had a small variastion in efficiency .

for the range of volume flow at each of these speeds. ' The effi-
ciency of diffuser B could not be determined at the high load
coefficients at a tip speed of 1200 feet per second becavse of the
unstable operating characteristics of impeller B. A comparison of
figures 3, 4, and 5 indicates that the efficiency of impeller B
was less than that of impeller A at the high tip speeds.

The peak over-all adiabatic efficiencies and the corresponding
diffuser efficiencies of the two compressors are plotted against
the impeller tip speed in figure 6. The peak over-all efficiencies
of the two compressors are approximately the same at 700 feet per
gecond. Ae the tip speed is increased to 1200 feet per second, the
efficiency of compressor B decreases rapldly in comparison with
compressor A. Although at the highest speed there is a differsnce
of 0.12 in peak over-all efficiency between the two compressors,
there is very little difference in the efficiency of the two vane-
less diffusers. This particular trend is also apparent at low
gspeeds. The diffuser-efficiency curve thus shows that the per-
formance of vaneless diffusers A and B was not affected appreciably
at the peak over-all efficiencies by differences in diffuser-
pagzage curvature and slight differences in the impellers. Inas-
much as the flow entering diffuser B was probably more turbulent
than that entering diffuser A, owing to the difference in impeller
performance, diffuser B was not benefited by the difference in
impeller performance. Consequently, the curvature of diffuser B
did not promote any appreciable disturbances to the flow.

SUMMARY OF RESULTS

An experimental investigation, conducted in a variable-
component rig, of two vaneless diffusers of different passage
curvatures, designed for similar mixed-flow impellers, showsd that
the large difference in passags curvature of these diffusers made
no appreciable difference in diffuser performance at the veak
compressor efficiency for the range of speeds investigated.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, June 23, 1947,
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- Mixed-flow impeller B.

Figure 2.
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Figure 3. - Performance characteristics of compressor A.
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