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SUMMARY

A radial-inlet Impeller based on two-dimensional-flow theory
has been investigated in a research program to establish correlation
between flow theory and impeller performence. The simplifying
assumptions of an Infinite number of blades and an incompressible
fluid weore mede for thils lmpeller design. The blade shape was
determined by imposing a predetermined vortex distribution that
was chosen to relieve the loading in the critical regions of the
Impeller passage. The performance of the impeller was experimentally
obtained in a varigbls-component test unit in conjunction with a
vaneless diffuser of NACA design. An analysis of flow character-
istics in the compressor, using static-pressure experimental data
and the assumption of an infinite number of blades, indicated that
the peak impeller efficiency was high and that the low over-all
efficiency could be largely attributed to losses in the vaneless
diffuser. The entrance section of the Ilmpeller and the passage
in the region of the impeller-blade tip operated ineffectively
even at the point of peak over-all efficiency. The entrance loss,d]
which became very large at high flow, was the principal factor
determining the form of the compressor-performance curve. The
method developed for determining compressor performance from
static-pressure measurements is limited to radial-inlet-type impellers
in which flow is essentially two dimensional.

INTRODUCTION

One of the principal obstacles in the development of efficilent
centrifugal compressors has been the lack of & sound mathematical
basis for the design of the impeller and the analysis of impeller-
channsl flow. Adverse pressure gradlents are generally recognized
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as producing flow separation in the impeller passage, which results

in large losses. No method exists by which these adverse pressure
gradients can be predetermined and contrelled under conditions of

three -dimensional flow, such as existe in the passages of conventional
centrifugal impellers., Furthermore, the determinatlon of actual pres-
sures existing in the passages of modern centrifugal-type impellers
would require extremsly difficult Instrumentation, and no comprebensive
pressure surveys in such passages have been obtained.

In a research program to establish corrslatlon between flow
theory and impeller performence, a two-dimensional radial-inlet
impeller was selected as a first approach. This type of impeller
allowed a performance analysis based on readily obtainable measure-
ments and the use of existing flow theory. Methods have been presented
(references 1 and 2) for the study of two-dimensional flow by use of
conformal transformation. The method of conformal transformation
presented in reference 2 can bs directly apvlied to impeller design
and has the advantage of being applicable to a wide range of design
asgumptions. This method was used in the design of the research
impeller. '

The impeller was désigned by using the simplest concepte of two-
dimensional flow: an infinite numbser of~bladees and en incompressible
fluild. This procedure vermitted the tentative establishment of the
limitations of the infinite-blade theory as a basis for impeller
design. The impeller-blade shape was determined by lmposing a
predetermined vortex distribution that was chosen to relieve the
loading in the critical regions of the impeller passage. This choice
of vortex distribution was arbitrary and exverimental verlfication
will be. required for the choice of the optlmum distribution.

The performance of a compressor composed of the radial-inlet
impeller and a vanelese diffuser was investigated using data
obtained in a variable-component twst setup. In addition to the
gtandard over-all compressor-performance ratings, the character-
istics of flow in the impeller and diffuser passages were deter-
mined. This analysis of flow, which was besed on readlly available
gtatic-pressure Deasurements, was possible because of the two-
dimensional nature of the flow through the impeller. This experi-
mental determination of performance using statlc-pressure data was
a valuable phase of the development program because 1t indicated
required modifications to the basic design theory. Inasmuch as
the program was esgentielly an impeller investigation, the diffuser
performence was not extensively investigated.
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IMPELLER TESIGN

The design of the impeller-blade shape followed the method
suggested in reference 2 in which infinitesgimal portions of the
bladese are replaced by vortices that are neriodically distributed
on a circle. Thie vortex strength follows a prescribed distribu-
tion that is summed up along the radius to determine the blade
shape. This Initial radial-inlet impeller was designed to reduce
the losding in the entrance and exit regions of the impeller by the
choice of a semlelliptical graph of vortex distribution agailnst
radius; that is, the vortex distribution at design flow ies zero at
the entrance and the discharge tip of the blade. The detalls of
the blade shape calculated by this method are given in appendix A.

Based on these considerations, the 18-blade radial-inlet
impeller shown in figure 1 was constructed by the NACA. Because
the blades are nonradial at most points in the impellsr, they are”
subjJect to a blade-bending stress under the action of centrifugal
force. The blade stresses wore analytically investigated and the
blade croes section chosen wap dre that would give reasonsble
blade stresses under the impeller operating conditions.

The radisl-inlet impelier differs from conventional impellers
in that the velocity of the air at the impeller entrance is radial.
Inasmuch as an axial inlet pipe was used, this radial velocity was
provided by a flared section that changed the direction of flow
from an axial to a radial direction. A mock-up of the inlet sec-
tion was made to investigate the velocity distribution at a
station corresponding to the entrance edges of the blades. The
velocity variation across this station over an air-flow range
comparable with that encountered in compressor tests is shown in
figurs 2 in terms of V/V,,, +the ratio of the local air velocity
to the average air velocity at the station. These inlet mock-up
studies indicated that the entrance velocity distribution was
satisfactory for the full range of compressor air flow.

EXPERTMENTAL SETUP

The radial-inlet impeller was initially investigated in a
variable-component test setup similar to the one described in
reference 3. The lwmpeller was tested with a 34-inch vaneless
diffuger of NACA design that has & passage-area divergence equiv-
alent to a cone with an apex angle of 6° and lying along the ideal
logarithmic spiral flow path for design flow. This type of dif-
fuger gives a flat psrformance curve. '
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The location of standard instruments and the precision of
lngtrumentation were those recommendsed in reference 4, except that
the inlet measuring station was 4 instead of 2 pipe dlamebers from
the impeller-inlet plane. In addition to the standard insbtrumen-
tation, static-pressure taps were inatalled along the impeller
gtationary front shroud and the frout and rear diffuser walls. The
accuracy of static-pressure survey readings was 10.05 inch of
mercury.

The impeller was operated in accordanrce with the procedures of
reference 4 at actual tip speeds from BO0 to 1300 feet per second.
At each speed, the flow was varied from widse-open throttls to the
incipient surge point of the unit, Inlet alr was inducted directly
from the test cell; the inlet-air temperature varied from 76° to
83° F during the investigation., A compressor lampblack flow pat-
tern was made at the peak efficiency point at an actual tip speod
of 1200 feet per second. '

RESULTS AND DISCUSSIOW
Performance Charccteristlcs Based on Standard
Over-all Measurements

The over-all compressor characteristice (adiabatic effi-
clency nggq; total-pressure ratio Pt,z/Pt,li corrected volume
flow Qt,l/qfé, and corrected %ip speed U/ +/6) were calculated
according to the standard procedures of references 4 and 5,
Details of the calculated paramoters and the defined symbols are
given in appendix B.

The over-all total-pregsure-ratio characteristics of the
radigl~inlet impeller tested with the vaneless diffuser are shown
in figure 3 for corrected tip epeeds from 782 to 1279 feei per
second. Contour plote of adiabatic efficiancy are superimposed
on the total-pressure-ratio curves. Becaude of the large losses
in the veneless diffuser, peak over-all efficiencies for the cam-
Plete assembly of impeller, diffuser, and collector were rathex
low, varying from 0.705 at a corrected tip mpeed of 782 feet per
gecond to 0.625 at a corrected tip speed of 1279 feet per second.
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Performanoce Characteristics Based on
Static-Pressure Measurements

The varlation in static pressure through the impsller and the
diffuser provides an initial indication of the location and rela-
tive magnitude of losses in the compressor. On the baslis of these
static-pressure values plus calculated kinetic-energy Values, an
analysis of the flow characteristics in the compressor may be mede.
This analysis 18 made for the peak-efficlency-flow point over a
range of tip spseds and for a range of flows at an actual tip aspeed
of 800 feet per second., Details of the method of calculating com-
pressor performance using static-pressure data are given in
aprendix B.

Static~pressure variation, ~ The variation in static pressure
through the impeller and the diffuser is shown in figure 4 for mex-
imum, minimum, and one intermediste air flow snd for the flow at
pesk over-all efficiency at actual tip speeds of 800, 1000, and
1200 feet per second. These static-pressure profiles are shown as
a ratio of the local static pressure pg to the inlet-pipe static
pressure pg 1. For operation at other than the design flow, the
condition existing at the entrance section of the impeller is the
principal factor determing the static-pressure profile and the
operation of the impeller. TUnder conditions where an extreme
angle of attack exists at the entrance edge of the impeller blade,
a loss in static pressure occurs in the region of the impeller '
entrance. This primary pressure loss, which 1s never recovered,
results in a secondary loss because it is multiplied by the pres-
sure ratlo through the impeller, The primary loss may be consldered
to be analogous to a pressure drop in improperly dssigned inlet
elbows oi a supercharger installation, -

Pesgk-efficiency operation. ~ The radial distribution of the
addition of ensrgy was anslyzed for the flow points of pesk over-
all efficiency by determining useful and total work of compression
by means of the static-pressure calculation method of appendix B.
The curves of the useful work of compression based on the assump-
tion that air follows the curvature of the impeller channel Had,c
and the total work of compression based on the seme assumption He
for the peak-efficiency points at actual tip speeds of 800, 1000,
and 1200 feet per second (fig. S), which have a marked simllarity
over the tip-speed range, show the rate of addition of energy in
the system, The location and the magnitude of the principal losses
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can be estimated from the relative slopes of H, and Hpg,c. In
the impeller, the main losses occur in the entrance section and in
the reglon of the impeller tip. The portion of the work dons in
these ineffective regions is, however, reduced becauss of the
reduction of loading resulting from the vortex distribution used
in the design, '

The losses in the diffuser ave large at all speeds, as indi-
cated by the drop in Had,c from the impeller tip to the diffuser
disgchaxrge. No extensive gtudy was made of the lossss ln the dif-
fuser becauss the program was basically an impeller investigation,
but a large pert of the losses aypparently occurred near the inner
radius., A lampblack flow pattern obtained at the peak-efficlency
point for a tip speed of 1200 feet per second showed no evidence
of geparation on the diffuser swrfaces,

The local-operating-efficlency term ﬁz, ag developed in

appondix B, gives an indication of the efficiency at which each
portion of the impeller ls operabing. Curvea of thism local
operating efficisncy for the peak-efficlency points at actual tlp
speeds of 800, 1000, and 1200 feet per second (fig. 8) asubstantiate
the conolusion that the entrance section of the impeller operates
ineffectively. As discussed in appondix B, this low efficlency
may repregent either a direct pressure loss or a partly recoverable
potential loss. In either case, however, the operation in the
entrance portion of the ilmpellier departs appreclably from ideal
conditions, The local operasting efficiency increases with radius
until in the reglon between the 4.5~ and the 6-inch radius the
jumpeller operates at an efficiency approaching 1.00., Beyond the
8-inch radius, the efficiency falls off to a valus of approxl-
mately 0.65 at the T-inch rsdius. This apparent drop in effi-
clency may be dus to an undervaluation of the kinetlc onergy,

which is possibly the result of a separatlion caused by the pre-
ceding shaxp bend in the impeller passage.

The magnitude of the various losses and the effect of tip
speed on efficiencyare shown in figure 7. The calculated values
for the peak adiabatic compressor efficilency Nad,c Ifrow the
impeller entrance to the impeller tip and to the diffuser exit—are
shown with the over-all pesk efficiency ng3 based on the stand-
ard analysis of references 4 and 5. The psak impeller efficiancy
is high, ranging from 0,90 to Q.86 over the tip-speed range from
800 to 1300 feet per seccnd. The drop in efficiency through the
diffuser 1s large, with the drop increasing at higher tip speeds
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to a maximum of 20 points at 1300 feet per second. The drop in
efficiency resulting from losses in the collector and in the inlet
and outlet pipes was relatively small and the drop remained very
nearly constant throughout the speed range.

The determination of H, and Héd ¢ 1s dependent on the
assumption that air follows the curvetuye of the channel. Although
this assumption provides a method of analyzing the flow In the
impeller, it results in an overvaluation of both H, and Had,c-

A more precise evalustlion of the tangential velocity of the air at
the discharge tip and of the work of compression of the entire
impeller may be made using the measured value of total temperature
in the outlet pipe of the -lagged inatallation. An adiabatic effi-
ciency term Ned, o9 using these values of tangential air velocity
at the discharge tip and the total work of compression of the
impeller, may be determined by a static-pressure analysis method
gimilar to that developed in appendix B for determining the energy
terms. This analysis, although it camnnot be applied to stations
within the .impeller, provides a measure of compressor performance
at the impeller discharge tip. The efficiency of compression from
the impeller entrance to the Impeller tip determined by the static-
pressure analysis using outlet-pipe total temperature measure-
ments. Nad, o shows close agreement with that determined in the

analysis 1n which alr is assumed to follow the cuxrvature of the
channel mgg ¢ (fig. 7).

Operation over flow range. - Operation of the compressor unit
over the full flow range was analyzed at a tip speed of 800 feet
per second. The variation in H, and Hﬁd ¢ Tor selected
overating points (including maximum and min i flow) is shown in

figure 8.

At the ideal flow, the relative direction of the air is
parallel to a tangent to the impeller blade at entrance. Calcula-
tions for flowe greater than this velue show an instantaneous drop
in H, across the blade entrance (fig. 8(a) at the meximum flow
of 4030 cu ft/min) resulting from the assumption that the alr-flow
direction changes instentanesously to follow the impeller-blade
curvature. In other words, relative to the rotating impeller, the
tangential velocity of the air increases instantanecusly at the
impeller entrance, which by equation (2) in appendix B results in
a negative value of H,. The inlet tips of the irpeller are acting
as a turbine under these conditlons.
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The static pressure (fig. 4{a)) and therefore the useful work
input (fig, 8(a)) drop off gradually rather than instantaneously,
however, because the air does not make the change in direction
ingtantanecusly, as assumed in the calculation, This pressure
loss, which is duwe to the extreme angle of attack at the emtrance
edge of the impeller blade, is essentially a throttling loss.,

Inasmuch as the assumption that air follows the impeller
blades is invalid under the extreme operating conditicns at the
maximum~flow point, the analysis is useful only in Iindicating
trends at these large flows, For example, Hg appears to be less
than Hag, o (an impossible condition) because the air does not

1nstantaneously change direction to follow the channel curvature,
The Indlcatel increase in Had,c in the diffuser is probably the

result of inaccurate stabic-pressure readings in the turbulent
region of the impeller tip. The caloulation at the maximum-~flow
point definitely shows, however, that the pressure drop at the
Impeller entrance, which ig never rscovered, is the principal
determining factor of the low effioilency of the unit at high load
coefficlents, '

The same general characteristicg are evident at the lower
Tlow of 3546 cubic feet per minute (fig. 8(b)), although tho mag-
nitude of the throttling action acrose the impeller entrance is
smaller for this flow and doos not extend aver so large a portion
of the impeller, Here again, efficlent pressure conversion beginsg
at a point well wilthin the impeller.

At the peak-efficiency point (fig. 5(a)), no such loss ocours
in the entrance section of the impeller. The principal detormining
factor of the efficiency of operation of the unit therefore seems
to be the condition across the impeller emtrance, The curves for
the minimum-flow of 1448 cubic feet per minute (fig, 8(c)) have tho
same general characteristica as theose for the peak-efficiency point
(fig. 5(a}), although the over-all efficiency of operation is
glightly lesas.

A plot of the characterigtic efficiencies over the flow range
at an actual tip apeed of 800 feet per secand 1s shown in Tigure S.
The drop in efficiency through the diffuser is nearly constant over
the principal portion of the flow range; whereas, the drop in effi-
ciency through the pipes and in the collector increases with an
increase in flow. The efficiency from the impeller entrance to the
impeller tip determined from a static-pressure analysis based on
total~temperature measurements in the cutlet pipe Nad,o is also
shown in figure 9, A close correlation between the twa methods of
gtatic-pressure analysis is again indicated.
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Bydraunlic-Tfficlency Characteristics

The hydraulic efficlency 1uy, as doflned in appendix B, rep-

resents the degree to which the design condltion that alr followed
the impellor-channel curvature was approached., The hydraulic effi-"~
clency for the radilal-inlet impeller at an actual tilp aspeed of ~
800 feet per second (fig. 10) shows that the impeller performance
approached but 4dld not atteln the performsnce for an impeller With
an infinite number of blades. The design method based on an infi-
nite number of blades therefors was not entirely valid. No appre-
clable varlation in the hydraulic efficlency over the tip-speed
range was Indicated.

The hydrsasullc-efiiclency characteristlic for a conventional,
radial-bladed impeller 1s presented in figure 10 for comparison
with the hydraulic efficiency of the radial-inlet Impeller. The
curves show & marked similarlty in trend and magnitude and indicate
that, in the radisl-inlet impeller, the deviation of the alr from
tangency with the impeller blade at dlscharge 1s comparable with
that of conventlonal radlal-bladed impellers.

SUMMARY OF RESULTS

From an investlgation of a compressor unit composed of a
radial-inlet impeller and a vaneless diffuser by standard perform-
ance tests and by an analysis based on statlc-pressure measurements,
the followlng results were obtalned:

1. The over-sall efficlency of the compressor was low; peak
valueg varied from 0.705 at a corrected tip speed of 782 feet per
second tc 0.625 at a tip speed of 1279 feet per second. This low
efficiency can be largely attributed to high losses in the 34-inch
veneless diffuser.

2. The static-pressure lnvestigation for the peak-efficlency
points showe that the entrance section of the impeller and the
passage in the region of the impeller tip operated ineffectlively
and the gection of the impeller from 4.5- to 8.0-inch radius
operated at an efficlency approaching 1.00. Thls low operating
efiiclency in the entrance and discharge reglons of the impellexr
represents either direct pressure losses or a channel that 1s not
flowing full, elther of which 1s detrimental to good impeller
operation. The portion of the work done in these ineffectlve
reglons is, howsver, reduced becauss of reduction of loading
resulting from the vortex distribubtlon for this inltial design.
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The impeller efficlency determined at the Impeller dischargs
tip 1s thersfore high, ranging from 0.90 at an actual tip speed of
800 feet per second to 0.86 at 1300 feet per second.

3. The impeller has inhsrently critical entrance conditions,
which induce a drop in statio and total pressure in the entrance
section of ths impeller passage for flows greaber than that at the
design point. This entrance loss, which becomes very large at the
meximum flow point, 1is rever recovered and is the princiral deter-
mining factor of the form of the compressor performance curve,

Aircraft Engine Research Laboratory,
Natlional Advisory Commitiee for Aeronautics,
Cleveland, Ohio, Ooctober 16, 1946.
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APPENDIX A

CALCULATION OF IMPELLER-BLATE SHAPE

The impeller-blade shape is determined by the method suggested
in reference 2, in which infinitesimal portions of the blades are
replaced by vortices that are periocdicelly dilstributed on a circls,
The velocitieas produced by the summation of these vortices are
siven by the following relations presented in reference 2 (the
notation of reference 2 has been maintained):

rvip=—291—{J;: %[l+i (%)_mcos}n(cp- ) d.R

- A=1
Ty =2
n ol Ty o

- "%, gﬁ-;(ﬁj cos M (9 - 6) dR
- r % .

o _ D ol r\~ _

e g [T ES e om0

n l‘aar'ﬁu“ r -
w5 2 E) emm(e-e)
. A=1

where

r, @ ©polar coordinates used to describe flow B
1,8 polar coordinates used to describe blade shape

vcp tangential component of alr velocity

n number of Dblades

ry radius at entrance of impeller blades

T vortex strength
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R redius of clrcle on which vertlices are digtributed

r rodius at dischavge tip of impeller blades

a

vr radlal component of air velocity

A solutlion can be obtalned for an impeller with a finite number
of blades by making a summation of these equations for the radial
and tangential velocities. Witk the simple hypothesis of an infl-
nite nuwber of- blades, however, the radial ccmponent of velocity
vanlshes and the tangential-veloclty equatlon bocomes

T .
ry O

The relation between J'/OR and 4R is detormined by the assumed

vortex dimtribution, For an int'inite nmumber of blades the relative
path of the fluid Js coincident with the blade shape and the equa-

tion of reference 1l may be expressed as

_P'...P..wr

tan ¥ = XE
Vr
where
3 angle of blade wlth respect to radius
w angular velocity of impeller

The ahape of the impeller blade can then be found by integration:

r
p(x) = o) j tan § gy
Ty

The blade shape calculated by this method is shown in figure 1l.

The additional assumption of an Iincompressible fluld and a
conatant radial veloclty were made for this design. The impolleor-
blede height was calculated to give this constant radial velooity
for an incompressible flow.
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APTENDIX B

CALCULATION OF PERFORMANCE

Symbols

The following symbols are used in the determination of comnres-
sor performance:

A

Cp

Had,c

total annular area of impeller passage at given radius,
sq % : -

gpecific heat of normsl air at constant pressure,

Btu/(1b) (°F) (0.243)
acceleration of gravity, ft/secZ (32,174)

total work of compression determined from inlet- and outlet-
pipe measurements; increase in enthalpy per unit mass,
ft-1b/1b mass

useful work of compression determined from inlet- and outlet-
pipe measurements; lsentropic increase in total enthalpy
por unit mass for glven pressure rise, ft- lb/lb mass

total work of compression based on assumption that all ailr

followas curvature of channel; increase in total enthalpy
per unit mass, ft-1b/lb mass

useful work of compression based on assumptlion that air
follows curvature of channel; isentropic increase in
total enthalpy per unlt mass for given pressure risc,
£t-1b/1b mass

mechanical equivalent of heat, f£t-1b/Btu {778)

W

A cos B8 cos ¢
pressure, lb/sq ft absolute
volume flow rate, cu £t/min

compressor radlus, ft
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(o8

Nad

Mad,c

7

Mh

T

2
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absolute temperature, ©R-

impeller tip speed, ft/sec

absolute velocity of ailr, ft/sec

veloclty of alr relative to impeller, ft/seo
welght flow rate, 1b/sec

projected angle of mean flow line with respect to plans
normal to axis of 1mpeller rotation, deg

true angle of mean flow line with respect to plane normal
to axls, deg (tan~l cos ¢ tan «; vector diagram of rele-
tiones ghown in fig. 12)

ratio of specific heats for normal air (1,3947)

angle of blade with respect—to radiue, desg

over~all adisbatlc efflclency determined from inlot- and

outlet-pipe messurements ’

adlabatic compressor sfficlency based on assumnbion that
alr follows curvature of channel

local operating efPiclency
hydreulic efficlency

ratio of actual inlet stagnation tempeorature to standard
sea-level temperaturs, 518.4

density, 1b/cu 4
applied torgue, ft-1b

sngular velooclty of impeller, radiaps/sec

The subscripts denote the following:

1

2

condition at measuring statlion in inlet pips

condition at measuring statlon in outlet pipe
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3 condition at entrance to impeller blades
a axial component

r radisl component

8 gtatic, or truwe, stream value

Y total, or svagnation, value

8 . tangential component

Performance Characteristics Based on Standsrd
Over-all Measurements

The over-all compressgor characterlstlcs were calculated in
accordance with the sbandard procedures of references 4 and 5.
Calculated parsmeters included over-all adlabastic effi-
clency mnggq = Héd/H, total-pressure ratio Pt,z/Pt,li volume

flow corrected to standerd sea-level conditions Qt,1/v6, and
corrected tip speed U/ V6.

Performance Characteristics Based on
Static-Pressure Measurements

The determination of compressor flow characteristlics was
based on statlic-pressure messurements. In the impeller, the
kinetlc energy was calculated from mass flow by using static-
pressure measurenments and assuming full flow in the lmpeller
channel. The efficiency of operatlon thus determined throughout
the lmpeller channel indicates the degree to which impeller yer-
former.ce approachos the design condition snd indicates the roglons
of the impeller that should be modified for ilmproved performance.
This method of experimental snalysis is limited to impellers in
which flow 18 essentlsally two dimensionsl.

The diffuser flow characteristics werc dotermined ln a manner
gimllar to that used in the impsller, The kinetic energy 1in the
diffuser was calculated from mass flow and conservatlion of angular
momentum by using static-pressure measurements and assuming full
flow in the diffuser channel. )
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Energy terms. - The analysis of the performance of a radial-
inlet impeller is mede on the basis of stativepressure measuremenis
and. fundemental physical relations., A baslc agsumption, justified
by the design assumption of an infinite mmber of blades, ies medo
that flow follows the blade and fille the psssage. The aveiage
gtate of the air at any point in the system is determined by the
front-shroud static-pressure measuremeonts, Bermoulll's equation fTor
compressible flow, and the continuity egquation. Altilough the front
shroud is.a curvilinear surface, a basic assumpiion of no axlal
variatlon in pressure at a given radial station can reasonably be
adopted., :

The energy terms H, and Ead,o roferred to the state polnt

2t the lmpeller entrance were detexmined for tho various compressor
gtations, by use of the preceding relationa. The derivation of the
oguations for calculasting these enorgy toims is as follows:

The energy at the impeller entrance is

Pg,3 v’

V4 3 _ "

- 1) b5 * 28 = S (1)
) _

The energy added by the impeller is

W'V -
B, = Tw = ._..S_e. .-:.—% (wr ~ vg) (2)

The energy at any polnt in the impeller is

Pa +'XE (%)
7y~ 1) og 28
where
V8 = 7,2 4 72 4 (ur - vg)?

When the emergy torma of oquations (1) and (2) arc equated
with equation (3)

P 2.2 2
—X._ 8 SO A
7 - 1 pg GPJTt)3 To2g 8 (4)



NACA TN No. 1214 ) 17

From continuity of flow

W X
v o= = — 5
. pg A cos Beoos e Pg (5)

The followlng quadratlc expression in terms of pg 18 evolved
by combining equations (4) and (5):

2,2 7P 2
2z - I B
Pg < 28+ CpJTt,s) €3 '(';‘:"fﬂ g = 0 (6)

After equation (8) is solved for pg, and v 1s determined
from equation (5)

Vg = v 8in B
vg = v sin € cos B
vy = v cos € cos B

The total pressure is then determined from tihie relatlion

y P ___y Ps ¥
ey (-1 es 28

(7)

By the adiabatic relatlon,

1 : .
PN
Py = ps<-§—z> (8)

2 p 7=t
- 1V~ ¥g
pt = Dg (-Z--——‘-' -E-—- — 1.0) . (9)

The useful work input to the air Had.,c is calculated as the
isentropic increcse in total enthalpy per pound of air
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it
Py \7
Haa,c = OpITt,3 (st} O (20)

The total work input per pound of air, when no prerctation of the
alr is assumed, 1z given by equaticn (2).

In a similar manner, the value of H,3 . at any point in the
diffuser passage can bo determined. The to{al work input H; at
any polnt in the diffuser is taken as that at the lmpeller tip.

Adlebatic compressor efficiency. - The adlabatic compressox
efficiency Nad,c ¥as determined by uging calculated encrgy values,

This texrm is the ratlo of the useful work to the total work input,
with the chenge of state measured from the impeller entrance to tho
particular compressor statlion:

_Hag,c
Nad,c H,

Local operating efficlency in impeller, - In order to obtain an
indication of the efficiency at whick each portion of the impeller
was operating and to locate the sources of losses in the lmpellexr,
‘the local operating efficlency et was eoxpressed as

S g5
N, = dr "ad,C
L
ar ~C

This local-efficlency parameter is the ratic of the rate of additlon
of useful work to the rate of work Input. This parameter was deter-
mined by graphical methods from the values of Hg eand Hﬁd c cal-

culated by eguations (2) and (10), respectively.

As & result of the assvmption of full channel flow, hcwever,
regions of low local efficiency may not necessarlly mean direct
losses in total pressure; that is, in the event that the channsl
does not flow full and that a small reglon of high velocity oxiats
in the Ilmpeller passage, the calculated kinetic energy and there-
fore the efficlency will be lower than the actual value, even
though no real loss in total energy at the point of measuroment
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necessarily occurs. Subsequent losses (potential losses) occur,
hewever, in the conversion of this extra kinetic energy to pressure
because of the resulting turbulerice in the stream; thersefore, even
though low local efficiencies may mean either direct losses or
potential losses in energy, they indicate the region of and the
approximate magnitude of the departure from design performance.

Hydreulic Efficlency

The hydraulic efficlency 13 for the impeller was defined as
the ratio of the actusl work input to the work input that would
exist under the design assumptions of full channel flow and “Yhat
the air followed the curvature of the channel B

g
= ﬁz

This term ls comparsble with the slip factor of a conventional _ .
redial-bladed impeller but takes into account the backward slope

of the blades at the discharge tip., Hydraullc efficlency repre-

gents the degree to which the design condition that air followed

the impeller-~channel curvature wae approached.
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