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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL MEMORANDUM NO, 1038

THE PERFORMANCE OF A VANELESS DIFFUSER FAN*

By V. Polikovsky and.M. Nevelson

The present paper is devoted to the theoretical and
experimental investigation of one of the stationary elements
of a fan, namely, the vaneless diffuser. The method of com-
putation is based on the principles developed by Pfleiderer
(Forschungsarbeiten No. 295). The practical interest of
this investigation arisces from the fact that the dgsign of
the fan guide clements - vaneless diffuscrs, guide vancs,
spiral casing - is far bechind the design of the impoller
as rcgards accuracy and reliability. The computations con~
ducted by the method here presented have shown sufficiently
good agreement with the experimental data and indicate the
limits within which the values of the coefficient of friction
lie,

NOTATION
b width of flow sedtion, m
c velocity, m/sec
d hub diameter, m 2
F area, m®2
H pressure head, mm water

1 1
K T e— l + ———
@ sin a[ tanaa]

A

Ky = —

AT e
M moment, kg m

*eport Yo. 224, of the Central Aero~Hydrodynamical Insti-
tute, Moscow, 1935,
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power, hp o
variable radius, m

length of flow path, m
perimeter, m B
air discharge, m®/sec
Usec/P

angular velocity, 1l/sec

angle formed by the absolute veloc1ty with its

tangential component
efficiency
friction coefficient
density, kg sec®/m*
circulation, mn®/sec

pressure loss due to friction, mm water

mp pressure loss due to impact, mm water

~

Subscripts

2a

2

parallcl to the axis

rcferring to the value of the variable at the
outlet

referring to the value of the variable at the
diffuser inlet

referring to the value of the variable at the
diffuser outlet

hydraulic
in the meridian wvlane

in the tangentlal plane

dynamic

impecller
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I. GENERAL CONSIDERATIONS

The fundamental part of every fan whether centrif-
ugal or axial (also turbofans and compressors) is the
rotating impeller (or rotor) since it-is in the latter,
only thet the energy increase of the air passing through
the fan occurs. However, no matter how good the impeller
design from the acrodynamic point of view, the flow at' =
the impellcer exit neceds to be modificd for the following
two reasonst! In the first place, for air delivery to a
pipe system or to a second stage, in a multistage machine,
it is necessary to concentrate the flow in a given direction.*
In the second place a considerable portion of the energy of
the flow at the exit is in the form of kinetic energy, which
in the absence of guide vanes or a spiral casing is entirely
lost, the ¢fficiency then assuming inadmissibly low values.,.
For these rcasons it is generally found desirable to in-
crcase the static pressure at the expensc of a reduced vecloe-
ity pressure of the air stream issuing from the impeller and
this is dorne in the stationary elements of the fan. When
the flow passes through these elements the total energy of
the flow necessarily decreases since it is partly dissi-
pated by the losses but the gain in the value of the static
pressure entirely justifies a certain decrease in the total
pressure,

The vaneless diffuser is not the only solution of the
problem, In the case of multistage machines, for example,
a vaned diffuser is often employed which in a number of cases
gives better results than the vaneless diffuscer. The present
article is concerned with the investigation of the vaneless
diffuser and the performance of a vaned diffuser will be
mentioned below only for comparison with the vaneless dif-
fuser.

A very large number of centrifugal fans consist simply
of the impeller followed immediately by the spiral casing.
The more or less considerable value of the impact losscs
at the inlet to the spiral casing appears as a special feature

¥Ao rare exception is the case of a dispersed air discharge
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of elmost all such designs., This makes it necessary, in

a number of cases, to introduce between the impeller and
casing. an intermediate element, namely, the diffuser.

In certain cases, the transformation of the kinetic energy
in the diffuser is so complete as to permit dispensing
entirely with the spiral casing and replacing it by s sym-
metric circular channel.

It is obvious that in a single-stage machine a dif=
fuser is of advantage only in those cases where the losses
in it plus the impact losses at the inlet to the spiral
casing (from diffuser) are considerably less than the impact
losses from the impeller directly connccted to the casing.

The vaneless diffuser consists of two parallel planes
between which the air from the impeller flows (fig. 1),
The computation of the diffuser reduces to determining at
a given value of the statie pressure and magnitude and
direction of the velocity at the entrance to the diffuser,
the change in the velocity vector while passing t hrough the
diffuser, and the new values of the static pressure and
velocity at the diffuser exit.

In order not to go beyond the scope of this paper we
shall consider the data characterizing the flaw at the
impeller exit and the magnitude of the power required by
the impeller as known.

Il. MODE OF OPERATION OF THE VANELESS DIFFUSER AND FLOW PATH

Before taking up, in detail, the investigation of the
flow in the veneless diffuser with the aid of a quantitative
analysis we shall cons ider the broad features of the flow
process.™

The flow path in the vanelcgss diffuser is determined
by the aerodynamics of the impeller and its operating con-
ditions. If the dircection of the velocity at the diffuser
inlet is sufficiently near radial, as is the case with back-
ward curved blades and large air discharge (fig. 2), the
flow passes through the diffuser rapidly; the length of the

 The hydraulic impact at the diffuser inlet is not here
considered since the corresponding losses, determined in-
dividually, enter the general magnitude of the losses in-
dependently of the diffuser computation. (See Impact Losses.)
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flow path is small and the pressure losses in it are also
small (we are here considering, of course, not the absolute
but the relative value of the losses at the impeller exit).
If the direction of the flow velocity in the diffuser is
nearly tangential to the circumference, as is the case

with a small air discharge independently of the blade pro-
file (fig. 3), the flow during a small displacement in the
radial direction will simultaneously be displaced for a
considerable distance in the tangential direction. The flow
path, a spiral, 1s lengthened and the losses in the diffusecr
bocome very considerable, The suitability of a vanclecss
diffuser as compared with guide vanes, should in this case
be checked- by a comparison computation.

The investigation here undertaken connects the values
of interest with the magnitude and direction of the velocity,
which we shall now determine.

The velocity, C. of a certain point of the flow at
the variable distance, R. from the axis may be resolved
into two components (fig. 4) of which the first, Cp+ 1is
directed along the radius and the second, Oy along the
tangent to the circle of radius, R and lying in the
plane of the circle., The two components and C are
denoted, respectively, as the meridional (or radial) and
tangential components. The latter component produces a
rotation of the flow and may, therefore, be denoted as the
rotational component,

We note that

C2 + c2 = ¢? (1)

The radial velocity Cp, for the case where the flow
fills out the width of the diffuser, may be directly deter=-
mined from the continuity equation

Qsec

C =
o Db

(2)

Let us now consider how the tangential velocity Cy is

datermined. The mass of air flowing through per second is
PQsec s the momentum PRgee Oy’ the momentum pQ. ,CyRi the

change in the moment of momentum (referred to Qsec
to the moment of the applied external forces M:

) is equal
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M =4 (pQgee Cy R)

For an ideal flow when the moment of the external forcés
is equal to gero the above formula indicates the constancy
of the moment of momentum for the entire diffuser:

P Qsec Cu B = P RQgee Cyu Bs

4

or

R Gy = constant © (3)

As regards the magnitude 0O,y = C,y 1t may be found not

only by the method of successive computation of the velocities
in the impeller but algo directly from the values of the hy-
draulic power®* obtained experimentally.

Thus

HTH Qsec
75"

th = PUz Cay

Hence

PU-C5uQsec
75**

and
Nh'? 5N

Coy = ————
PUzQsec

C3u = Ceu (Since R = Rz)

»

The hydraulic power is the entire power after deducting
No, the power expended in friction of the disks and eddy
formation,
** ¥here Uy = tip speed of wheel (m/sec). (Actual conversion
figure of kg m/sec to hp is 76.1, not 75,)
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Knowing the law of motion of the flow in the dircctions
of Cp amd ¢y it is possible to find the trajectory

-0f the flow in the plane of the diffuser. We have

Q T
.. O = 8€C and (0, = —
N % 2nRr
Then
c 9 Q! Ysee )
E'f = s;c = “F = constant (where Q! = Qszc/

Denoting by « the angle formed by the velocity vector
with its tangential component, the equation COp/Cy =
constant assumes the form

cocnstant

i

tan «
and

constant

a
n

From this it follows that the trajectory of the ideal
flow in the plane of the diffuser is a logarithmic spiral
whose equation may be written in another form
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III. RESISTANCE IN THE VANELESS DIFFUSER®

1., Distribution of the Losses

During the passage of the air through the diffuser,
friction occurs at the diffuser walls. The frictional
force constituting the resistance produces a certain drop
in the pressure, the pressure drop per unit distance
evidently decreasing on approaching the outlet (due to the
decrease in the velocity).

Let us consider the resistance of an infinitely small
flow element for a path element 4§ (fig. 4) to which
corresponds a pressure loss

s ¢?
. e (6)

where Dy 1s the hydraulic diameter. The latter, as is
known, is equal to 4 times the hydraulic radiuse, which in
turn is the ratio of the flow cross section to its perimeter;
in our case

bdy
2dy

¥
Dy = 4 = = = 2%
h U

(for the perimeter the value 24y 1is taken and not 24y +
2b since along the line b the element touches the neighbor-~
ing elements whic¢h are also in motion).

*DPhe computation scheme and the derivation of the fundamental

equation
1 + sing cos asg ] A
1n = — (R~ Rg)
[ cos o l + sin as 4b ( 3

are those of Pfleiderer. The further adaptation and simpli-
fication of the equation with the object of applying it to
practical cases is the fundamental object of this paper. In
order to bring out more clearly the physical aspect of the
process the derivation of the fundamental equation is some~
what modified.
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2 . 2 2 2 is 2

an_=adS o 07 _nds OoRvof 5 ds o, &5 of

2D 2 2b 2 2 2 2b 2

o2
Denoting » &8 p B, that is, the losses depending on the
2b 2 .
radial volocity by dHpp, and » 35 p S8, that is, the
2]

2b 2
losscs depending on the tangential velocity by dHpys we
obtain

dFp = 4Hpp + dHpy

In overcoming the resistance along its path the flow loses
part of its total pressure, the pressure loss occurring at
the expense of both the static and dynamic pressure drops.

Let us consider the. mechanism of the losses associated
with the radial and tangential velocity components Cp and
Cue The workof aflow element for an infinitesimal element
of the path 4§ 1is entirely expended in overcoming the
friction, (i.e. m = 1), For this case the usual formula

h
N = EEEE_(in hp) or N = 8'-S---e~<3-l}-(1n kg m/sec)
757 n

(h = kg/Me or pressure) h is expressed as pressure dTop.
It assumes the form

dN = Qgec 4Hr

The work of the force in overcoming the friction during
the time dt is

Qsec dHpAE

IT this work 1s done over the path DS the magnitude
of the force 1is
QsecdHpdt

as




10 NACA Technical Memorandum No, 1038

Substituting in the above formula the expression

: 2
A4S P £ tor dH, we obtain
2b 2

The moment of the force about the axis is equal to the
change per second of the momentum of momentum:

as po?
2b 2

Mgsec R

Cu
C = pqsecR(dCu)"

where RC,/C 1s the lever arm of the force (dCy)" is the
loss in velocity due to friction., Dividing through we obtain

A

ac, )" = = dtce
(aCy 0 u
Noting that
as
¢ = dt
dRr
C = sk
m dt
then
A c
[ | T —_—
(dCy) " =77 dR o Cu

Multiplying both sides of the equation by Cup we obtain
_ A c 2
Culaty)t p = Py dR E; Cup

Since C/Cp = 1l/sina
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R

A dR
2o 75 45P 3

Cu (dcu)“ P =33 ing P

But the right side of the Bquation is equal to dH,, and

the left side is the differential of the dynamic pressure
corresponding to the tangential velocity component pCZ/2.
Henco

C
dHru = (p —

that is, the friction loss associated with the velocity
Cu 1is the loss of the dynamic head corresponding to the
rotational velocity component.

The losses in the radial direction do not occur at
the expense of the dynamic pressure since the velocity Cp
is determined by the cross: section independently of the
force of friction. These losses are therefore at the ex-
pense of the pressure, that is, the static pressure head.
Thus the static pressure loss, representing the difference
between the total and dynamic pressures is equal to

2 2
}\i_s. C-A—Sp'gu"'%‘q—s Eﬂ’:dHrm

2. Determination of the True Exit Angle of the Flow

We have found
o) Qsec Cyu R = constant

or

Cu R = constant
This expression holds only in the ideal frictionless case,
In the actual process, however, there is an additional
decrease in the velocity due to friction, and the actual
value of (, will be less than is obtained from the above
condition,
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A closer investigation will now be made to determine
the actual value of (, at various points of the casing.
In the absence of friection the drop in the rotational
velocity component (dcu) over an infinitely small path 4§
may.--be readily obtained by differentiating the expression
Cy, R = constant:-

(dCy)! R 4+ Oy dR = O

or

- Cu 4R
(dGu)' SYEN. 4. Sl

£

Duc to friction there is an additional 16ss atlthe expense
of the dynamic pressure given by

c2\ |
dBry = d(P __21;)__. Cy (aCy)'tp
Above we had obtained

_ . 4dr o3
Cu(dcu)" P = A 2b sin o P 2

Dividing, we obtain

dR

(dag, )¢ —_—
u) 4b sin o

Cu

The total drop in the tangential velocity 1is

Cu 4R
¢, = (dCu)' + (dCy )" = - ?; dR ~ A ZE—EEET;Cu

Multiplying both sides by R we obtain

dRr

TR * Oy AR = X Hn
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or
d in o
{rC,)s ., 4m
RC, 4b
We note that
- BCp R Qsec _ Qsec
(2) RCy tana ~ 2mRb tan a = 215b tan o

o acsor 224 (2)

tan o

J1 + tan?a

(¢) sin a =

Substituting all these values for RCu, d(RCu) and sina
in the last formula, we obtain

Qsec 1
d( \Zﬂb tan®ao
21b tan o/ \ 4R

4D

Qsec'/ 1 + tan®a

Dividing through leads to the differential equation

d<;—l—;\tan2a
tan o/ _ _ AdR
——s— 4bv
J1 + tan® «
whose solution is
i : A
1n (l 4+ sin oo cos a3z ) _ N (R—Rs) (7)
N ¢O0s o 1 + sin ag 4%b
or
1 + sin o cos asz i%(R—Rg)
= e (8)

cos a 1 + sin as
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In any concrete case when the friction coefficient, the
radii and width of the casing are known, the expression
at the right side may be easily determined. Denoting it
by K, we obtain for the determination of the exit angle
from the vaneless diffuser the following expression:

l + sin a = @ = x 1l 4+ sin a3
cos - aa 1 - .
o S Y « 7o - %,

1l + sin ag

Elementary transformations of the expression

. COS Qg
= ®aa lead to the gquadratic equation
- - @ -— l
sinzaa + 2 sin o, + L Y,
¢z 41 O + 1
aa Qg _
One of the roots of this equation; namely, sin ay = - 1,

is a trivial solution corresponding to the case, impossible
for the centrifugal machine where the radial velocity is
directed toward the center,

The second root is

o aa + 1

(9)

sin Qg =

In the above equation the angle a, 1is a real angle which
the absolute velocity of flow at the diffuser outlet makes
with the tangenticl componcent. Hence

C
Cou = —2— (10)
tan ag .
where
Ca,m - Qsec

. 2mR, b
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All of the above computations may be essentially
simplified as a consequence of.the very interesting fact,
namely, that the change in the angle o 1is a linear funcs
tion of the change in diameter (reference 1),

This law may be easlily derived analytically. We have
already obtained the equation

1 + si
1n ( Sin & cos a3 ) =-JL(R-RS) (11)
cos Q 1 + sin aaq 4b
or
2R l + sin « 1 + sin aa ARg
— = 1ln - 1n +
4b cos o cos a3z 4D

Expanding this expression in a Taylor series

AR 1 1l + sin az Ro A 1 1 + sin aa ( )
— = =1n + + 1n + (a- sec
4d cos Qg 4b cos ag @3 @3
3
4.£E:Elli ec a. tan + ig:gjﬁ*'sec (1+ 2 tan®a. )+
1x2 Sec @3 *3 T 1x2x3 @3 3/Tree

or
AMEB-R5) (a o ) sec + (a—az)z sec tan
—_— = - a _— o3 a

4% 3 3 1 x 2 B 3

3
(a=~az)

sec az(l + 2 tan® az)+ ...
Ix2x3
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where o 1s expressed in radians, .It is readily shown
that in practical computations all terms except the first
may be neglected.. Thus assuming that a, - az = 10°
(0,175 rad) a, = 450

A(R~Rz) 10,1752 1 0.175° 1

= 0, + +
4D 0.175 0.71 1 x 2 0,71 1x2x3 0.71

(L+ 2x 1.0%)

>\(R‘Ra)
4b

= 0,246 + 0.02 + 0.004 = 0.27

Retaining only the first term, 0.246, we obtain a deviation
in 10 percent for o - oz = 10°, This corresponds to an
error of 1 percent, An error in the determination of the
value of ag - az of the order of 10 percent corresponds
to a considerably smaller error in the determination of the
losses. The frictiocon coefficient entering the computation
is obtained, however, with a considerably smaller degrec

of accuracy.

As further investigationshave shown the effect of the
exit angle from the diffuser on the losses is so small that
an error in the determination of this angle of even 5° is
entirely admissible, so that the above error of the order
of 1 percent is all the more admissible, Thus

B Acos ag
ag = 0z * —— (Ra-Ry) - (12)
4b
*With regard to our choice of the values of aé_;-&s.énd Aoy =
457 it should be noted that valaes of 10° for ay, - a, are
practically not encountered; large values of a, - a3 corre-
spond to a small value of az and values of a5 - az of the

order .of 19 - 39 correspond to large values of az (az> 300),
The ossumed values of 109 for a, - az and 45° for ag,
therefore, do not occur simultaneously ~nd our example should
give a very exaggerated result of neglecting the second and
following terms of the series; all the more since these terms
contain (aa - ax)2, (ag - agz)®, etc,
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Formula (12) shows that the increase in the angle «
is proportional to the increase-im-the radius R, or in
other words, as a linear function of the radius of the
diffuser. This law is of cardinal importance in the com~
putation of vaneless diffusers since it makes it possible,
knowing the entrance angle into the diffuser, to compute
readily the exit angle and then, if regquired, to take
intermediate values of o and construct the straight line
a = f (R)s We may remark, incidentally, that this curve
may serve as an index of the magnitude of the losses since
for large losses the angle o varics more rapidly.

3. Losses in the Vaneless Diffuser
Having determined the value of the angle a, at the
diffuser cxit we may now proceed to detcrmine the magnitude

of the los=es in the diffuscr,.

We have found

2
dHp, = A 48 0 Sm
2D 2
But
. AR
as cin o (sco fig. 4)
Hence
2
. A dR c2
AHpp = 2b sin o P 7? (13)

The losscs associated with the tangentisl veloeity component
may bc expresscd by an cquation of the same form ns that
above:

as o2
- Y

Substituting dR/sina for ds and (Cp/tan a)® for Ci

we obtain
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A Gh:] cZ2 1
dH,. = —— A 14
ra 2b sin a 2 tan?® o (14)
Comparing (13) and (14), ve note that
- 5 . 1
dH = dH —_—
ru Tm TS
Adding the losses we obtain
ad dH + 4E A ! /l L \ C; d
= ey =TT T (1 4+ —5— ) o = 4=
r Tm ru 2b sin a \ tan? o/ P 2 T
Denoting A /2b by X and -
1/ 1
—_— i1+ ——*———> by X, (the vsalue of the
sin o X tan® o variable)
we have
02
dH, = K) Egp —2 4R (15)
. . 2

We may note the following: The expression denoted by XK,

in a number of cases has at the end of the trajectory a

value near the initiel one. In these casecs we may substitute
a mean value for ¥, in the computation. Substituting this
value in formula (15) we obtain

Ra Ra o2
AH, = f ad, =f Ep(Xq), P —25— ar
By R,
where
2

’ 2.\
Cn = I\Csm - )
n
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whence
Ra . .. —_‘ba
- Czm _p 4R IMm .2 1 1
AH,. =] X)X 2 2= = X K —= Ry (—~-= (16
r JF A fam P Ry e A am P 5 3 \ R, Ra> )

R

Thus for a small change in the value of sin o (a change
of the order of 10 percent and over, if the computations
are approximate) the losses are determined by numerical
computations without the aid of auxiliary graphs.

In those cases where the changes in sin o are con-
siderable, the flow trajectory may be divided into a number
of intervals, the value of dH,/dR computed for each in-
terval and then graphically integrated: that is, the curve

is constructed and the area

Ra

AHL. =f—dHr dRr
dR
3

integrated under the:curve (see fig, 6). *The entire com-
putation procedure is made clear by the example given below,.

4, Impact Losses

If the active flow does not fill out the impeller cross—
sectional width at the exit and also in the cases where the
impeller width is less than the diffuser width, as is the
most typical case, the impact losses at the entrance to the
diffuser must be added to the frictional losses.

Simplifying, somewhat, the actual-impact phenomenon
the computation may start from the assumpbtion that the flow
at the diffuser entranceimomentarily fills out the diffuscr
width, that is, the radial velocity C at the entrance may

zm
be taken equal to /tD b, where Dy = Dy. In corre-

Q'sec
spondence with this sssumption the impact losscs arc deter-
mincd as |
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(Cam - Csm)z (17)

1o

AHimp

The computation above 1is based on the assumption that
the vaneless diffuser does not change the entire kinematic
picture of the fan operation itself. This assumption is
very well confirmed both by general considerations and ex-
perimental results showing that the hydraulic power expend-
iture ¥ for the same volume delivered is practically in-
dependent of the diffuser.

The computation method proposed is less simple than
would be desirable, Its orinciple advantage, however, lics
in the circumstances that it is Ffree from such ardbitrary
assunptions and simplifications as may lesad, in particular
cascs, to considerable error. The only exception is the
condition assumed in the computation procedure; namely,
that the entire width of the diffuser is momentarily filled

out. In certain casaes this gives a considerable deviation
between the computation and test results,

IVe ILLUSTRATIVI EXAHPLE

As an example we shall compute ths vauneloss diffuser
of #a experimental high pressure fan, the fundamental geo-
metric fan data beiang the following:

Outer impeller diamcter Dy = 0,03 meter

Diameter at diffuser entrarnce Dz = 0,33 meter

Diameter at diffuser exit D, = 0.65 meter

Impeller width at exit b, = 0.01l1l meter

Diffuser width bs = 0,011 meter

The fundamental kinematic data are:

Volume Delivery = 300 cubic meters per hour

Tangential velocity =at impeller exit G,y
per second

il

20.6 meters

Radial velocity at impeller exit Cgop = 7.
sccond

meters per

[eN}



NACA Technical Memorandum No. 1038 21

The flow 1s assumed to £ill out the entirzs exit cross
section of the impeller, that is, ’

Usee
sz = _?._._..
ul'ryr

Bearing in mind that Dy = Dy and by = bz, we find that
the radial velocity ~t the diffuser inlet C = Cam = 73
meters per second. The static head at the impeller outlet
is Hgts = 55.5 millimeter of water., The friction coeffi-
cient A 1is taken on 0.05,

The computation is most easily conducted by constructing
the auxiliary curve o = f(R)s To drawit itissufficient to
know the angle @z at the diffuser entrance and then %o deter-
mine the angle a5 at the exit by making use of the equation

The flow inlet angle to the diffuser is

A cos a3
[0 = era + —-—4—1)——— (33"'33)

The flow inlet ansle to the diffuser is

-1 Cam 7e5B
a., = tan = tan—? L] = tan—?
3 Cay tan 55.6 an

0.285
= 0,278 radians (15° 551)

cos G:S . [ . [ . - . . . L3 L] L] 0.962

A g Dg=- 0005 0 2 . - [d
cos aa < a D3> _ X 0,96 (o 65 - 0 3%} - o.178
4b 2 4 x 0.011 2

g = g + 0.175 = 0,278 + 0,175 = 0,453 radians (28°)

Enowing the values ay and ay, we con construct the-
straight line o = f(R).(Sece fig. 5.) MThen knowing the
diffuser exit angle, we may determine 2lso the absolute exit

velocity Cq

c = Cam

a raa—
sin Qg
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where®

¢ = Ssec
an #D, b

The angle « increases in passing through the diffuser
from 15° 55t to 26°%; sin a changes correspondingly
from 0.275 to 0.439, For this case the application of the
formula - . . . .

Cgm. 2. 3 __x

1
T T2 R \ry  ®Y/

involves considerable inaccuracy. It is, therefore, necessary,
as pointed out above, to subdivide the flow path into a num-
ber of intervals, construct the curve dH,./dR = f(R) and
integrate graphically. The curve 1s constructed with the

aid of the equation (15)

2
d4p Sk . A p Om LN
—= = K\ Kpp— = ——- —— {1+ —
. a tan® o/

dr 2 4b sin
Table I ig the auxiliary table for the construction of the
curve. .

The curve (fig. B8) coastructed from the above tadulated
data very clearly. briags out the fact that the losses are
concentrated mainly at the initial part of the diffuser and
that the increase in the losses starting from.a certain diam-
eter becomes very.'iasignificant- (at the same- time there is
a decrease in the static pressure rise). By measuring the
area under the curve we find the magnitude of the friction
loss.

‘The computation of the static pressure at the Jiffuser
exit now evidently offers no difficultics and is carried out
by the equation (ell terms on the right side of which are
known); - - . . :

Cpt c?

2 a )
Hst a = HS’G2 + P '—2"' - AHtOt - P —2—' = 55,5 + 43.2 - 18,2

-4,3 = 76,2 mm H,0
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. - - ’ TR  a 2 2\
- Ca " Com Sam” _  cau®
(or\Hsta_ Hota + P 2m M AHpoy = P 75 P )

It should be noted that the equality of the velocities
at the impeller outlet and diffuser inlet is a result of the
filling out of the outlet width of the impeller and also of
the equality of the widths of the impeller and diffuser for
the given fan, a condition which by no means always obtains.
In the general case, where there are impact losses, we have
for AH,,. (where AHyoy = total loss in press)e.

AHtOt = AHI‘ + AHj_mp

In the given example, the computation apreared some-
what lengthy, not only because of the accompanying explana-
tions, but also as a result of the considerable variation
of sin a. In the majority of cases the computation is much
simpler and shorter because of the possibility of applying
formula (16), that is, computing with the mean values of
sin ae The computation of the vaneless diffuser for three
delivery volumes is presented in tables II, III, IV, V, and
VI,

From the data of the last table the utilized portion
of the blower characteristic was constructed (fig. 11). A
comparison of this computed characteristic with the eXperi-
mental curve shows good agreement between the two curves.
For a value of A 1lying within the range 0.05 - 0.15 such
ag;eement is obtained also for the other tested blowers (fig.
12).

With regard to the correct estimate of the friction
coefficient it should be remarked that for the generally
encountered smooth metallic surfaces of fan diffusers the
coefficient A has a value half as large as for the roughly
treated surfaces tested at CAHI (plywood surface diffusers).
In accordance with this fact in computing diffusers with
well worked over surfaces a value of A of Q0,03 - 0.07
should be used, The friction coefficient used by Pfleiderer
also lies within this range.,

Because of the good agreement of the experimental with
the computed results the computation method presented above
may be considered as sufficiently reliable.
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VYo VANELESS DIFFUSER AS AN ELEMENT OF

THE CENTRIFUGAL FAN AND BLOWER

The vaneless diffuser has up to the present found
comparatively small application to fans. Such, for example,
are the fans of the Rateau type (fig. 13) and the fans of
medium and high pressure of the CAHI type with vaneless
diffuser (figs. 14 and 15). In the case of multistage
turbo blowers and turbo compressors, however, the vaneless
diffuser has long since found application (fig. 16). 1In
the majority of cases of multistage design, however, bladed
diffusers are used (fig. 17). In some particular designs
these two diffuser types are combined, a vaneless diffuser
being used for some of the stages and guide venes for others,
An example of such a design 1s the three-stage blower shown
in figure 18, '

Without going into a detailed relative comparison
analysis of the performance of the vaneless with the bladed
diffuser, we may note merely that the high pressures and
efficiencies of the latter sre observed for a very much
smaller range of outputs than are observed for the former
(fig., 19). This appears as the result of eddy formation
arising 2t the initial part of the diffuser at outputs
other than rated when the flow strikes the blades. The
magnitude of this eddy formation and the losses associated
with it,to a large degree, depend on the angle at which the
flow attacks the blades. In those casss where the range of
outputs utilized is large, the application of vanes is ncces-
sarily associated with large angles of attack and hence with
large turbulence losses at outputs considerably larger than the
one for which the blower was computed. This leads to a con=-
siderable lowering of the pressure and cfficiency at the
corresponding deliveries.

The advantage of these diffusers, however, lies in the
possibility of an appreciable lowering in the velocity with-
out a large increase in the dimensions of the machine and
also in somewhat higher efficiencies at rated delivery volume,
If a large diffuser size (large value of Da/Ds) is not suit-
able for reasons of space saving the advantage will 1lie with
the bladed diffuser. In the great majority of cases, the
final selection is decided upon after making a comparison
computation. For preliminary rough computations we may assume
that for angles of attack o < 12° the bladed diffuser is
preferable and for ¢ > 18° the vaneless diffuser. For fans’
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the bladed diffuser is not applied since the construction
would thereby become considerably complicated.

In concluding we may note that, besides the vaneless
diffusers of constant width, diffusers with increasing width
are also encountered, The computation of diffusers of such
type is not considered in our present paper.

Vi. OTHER COMPUTATION METHODS*

Following upon the work of Pfleiderer (reference 2)
on centrifugal pumps, a work which for several years has
been of fundamental aid to engineers of other countries as
well as of Germany, the problem of the vaneless diffuser has
been fully and seriously investigated. As has already been
mentioned our computation scheme here presented is based on
the work of Pfleiderer (reference 3)., The latter considers
the problem from the most general point of view: namely, the
operation of a vaneless diffuser of variable width, The
mathematical complexity of the expressions obtained makes
it necessary for him to neglect the radial velocity component
Cm in comparison with the tangential (Oy.** For particular
fans and certain operating conditions (small Cp/Cy) this
simplification is entirely admissible. In all other cases,
however, when the value of the radial and tangential veloc-
ities are of the same order of magnitude the simplification
is not justified. These considerations hold not only for
vaneless diffusers of constant width, but also for diffusers
of increasing width (for which the radial component decreases
more rapidly) because in all cases the losses =zre essentially
concentrated at the initial part of the diffuser.

In the case of vaneless diffusers of constant width,
Pfleiderer dispenses with the above-mentioned assumption
and then obtains an equation for the dectermination of the
flow exit angle in the general form and an equation for the
magnitude of the losses for the particular case agz = 909,
The expression obtained for the determination of the angle

a, 1is considered by him as inapplicabdle to practical cases,

*Pfleidercer, Kearton, Ostertag. ~
** The obtained expression for the magnitude of the losses
. was nevertheless so complicated that it could be used only
with the aid of supplementary graphical constructions,

'
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The further treatment and simplification in our
present paper of the expressions obtained by Pfleiderer
lead to practically applicable formulas and to a computa=
‘t4ion method., The corresponding tests and investigations
have made it possible to define more accurately the range
of values of the frietion coefficient .and have given a
practically .sufficient confirmation of-the validity of the
method for computing the actual flow process. Our present
paper is to be considered as a development of a number of
ideas set forth by Pfleiderer as early.-as 1927.

In his book "Turbo-blowers and Compressors" Kearton
presents a computation .scheme which only broadly corresponds
to the physical nature of the process investigated since
he admits two fundamental errors. The first serious error
consists in the fact that he considers the trajectory of
the real flow in the vaneless diffuser to bealogarithmic
spiral, It has been shown above that under the influence
of friction.the values of the tangential components are less
than would be the case in accordance with the law of constan-
ey of circulation; the spiral unrolling at a more rapid rate,
This fact .is significant not only in that it affects the
magnitude of the losses but also ian that- it affects the mag-
nitude of the .flow exit angle, which is increased (Ou dew
creases for coanstant Cp)e. In the 'case of turbocompressors
or turboblowers with backward curved guide vaues this error
may have as a consequence that instead of the ‘expected shock~
less entry at the backward curved guide vanes, or entry with
very small positive angle of attack, the flow will actually
enter the guide vanss a with negative angle of attack. The
question as to precisely at what angles of attack, positive
or negative, the losses are less, can not as yet be looked
upon as answered., There is no doubt, however, that certain
pPhenomena that are associated with negative angles of attack
render the corresponding computation of 1little reliability.

The second error consists in the fact that the method
of computation, using the average hydraulic radii and veloc~
ities at inlet and outlet, while admissible in particular
cases, is recommended by Kearton as a general computation
method. He writes "A simpler and, at the same time, suffi-
ciently accurate method is that of .computing the -mean
specific volume vy, mean area Fp, total surface S and
mean resistance R, and the energy loss is then equal to
R S vy/F, kgm®, As a matter of fact, the 1osses are con—
centrated mainly at the entrance to the diffuser. At the
exit, however, they are relatively small and starting with
a certain diameter any further increase has practically no



R

NACA.Technical Memorandum No, 1038 27

effect on the magnitude of the losses. For these reasons
the losses computed according to the mean values of the
velocity and hydraulic radius are not characteristic magni-
tudes-and may lead to errors of the order of 50 perceunt aad
over, For the same reasons it would have been more correct

to have substituted instead of F_ = (Flnlet + outlet)/2

the magnitude (1/Fy) = (1/Fi.16¢ + 1/Foup1et?/2e

In the classical treatise of Professor Ostertag (refer-
ence 4) only an approximate computation scheme of vaneless
diffusers is prescented;while certain remarks of the author
arc quite incorrect. The fundamental cquation for deter—
mining the prossurc risc in the vancless diffuser is, accord-
ing to Ostcrtag, of the following form:

e

- e R
hy = = (1 -¢) ci—&czu-—z-\, - camzl
28 L Ra/ J
The physical significance of the above equation is perfectly
clear! namely,; that the pressure rise in the vaneless dif-
fuser is equal to the difference in the dynamic pressures
at the diffuser inlet and outlet, less the losgsses relative
to the velocity at the impeller outlet. The tangential
velocity component at the diffuser outlet is determined by
the law RCy, = constant. In correspondence with these
equations Ostertag shows-that the flow in a vanelesg dif-
fuser moves along a logarithmic spiral. He thus, like Kear-

.ton, ignores the decrease in the tangential valocity due to

friction.* We have alreadJ discussed the consequcnces of
this assumption.,

The determination of the losses with the aid of the
coefficient § raferred to the dynamic pressure at the
impellier outlet, cannot be considered successful since it
essentially presupposes nondependence of the losses on the
diffuser size. 1In noting the effect of friction on the
magnitude of the velocity Ostertag observes that the fric-
tion decreases the tangential component to a greater degrec
than the radial., Actually the friction decreascs onlyv the
tangential component since for a givon discharge volume,
Qm3/sec. the radial component is 1ﬂdbpbﬂdbnt of the friction
being equal to Qg, c/TrDb

*The work of Ostertag was published considerably earlier
than that of Xearton.
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Comparing the work of Ostertag with that of Kearton
it may be said that the former investigated the performance
of the vaneless diffuser more thoroughly than Kearton, who
considered the problem only in its broadest features. This
is shown partly by the fact that Ostertag associates the
coefficicnt of friction in the diffuser { with the initial
velocityy whereas, Kearton recommends computing by the mean
velocities, The estimate of the losses 1n the diffuser with
the ald of the loss coefficient { in the absence of re-
liable data for the choice of values of this coefficient may,
however, lead to results that are in sharp disagreement with
the true values,

VIi. APPLICATION OF THE VANELESS DIFFUSER TO AXIAL PFANS

The desirability of applying the vaneless diffuser to
axial fans follows from the consideration that the dynamic
pressure corresponding to the tangential component produced
by the axial fan can not be directly utilizel and the energy
expended in producing the tangential velocity component when
the air is discharged to the atmosphere or to a pressure line
thus appears as lost energy. :

In emphasizing the negative role (in this case) of large
tangential velocities we, by no means, wish to say that
these components must be reduced to zero (it should not be
forgotten then that the total theoretical head is Hpy =
pUzcau).' The fact is that the corresponding energy loss
differs in principle from the hydraulic losscs in that the
former can noit be considered as irreversibly lost. It is
possible to utilize almost entirely the quantity pCay>/2

by transforming it into pressure. It is therefore desirable
that the performance of the casing in raising the pressure
be effective so as to permit large values.of Cgye. .

To transform velocity into pressure the fan is provided
with guide vanes (fig. 20) or is enelosed in a spiral casing
(fig., 21) or, finally, is provided with a vaneless diffuser,
The construction scheme of a vaneless diffuser is clear from
the drawing (fig. 22). To avoid-additional losses in turbu-
lence, a guide element is located directly behind.the hub:
namely, a short cylindrical pipe of the same diameter as the
hub and widening out at the diffuser.

In considering the performance of the vaneless diffuser
we shall, in order to simplify the computation, substitute
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for the actual process a provisional one in which there is

no rounding of the inner edge for the purpose of decreasing
the eddy formation in rotating. We shall say a few words

on the effect of the distance of the diffuser from the fan

or more accurately, from the frame in which the fan is mounted
(this distance is equal in magnitude to the width of the
diffuser).

Experiments and computations show that on increasing the
dimension b, (width of casing) within the limits of those

values for which OG0, > Czp the effect of the casing is to

increase Hgy, and mngts On further increasing the dimension
b for whiech C,,

namely, a decrease of Hgy, 2and mngy. The reason for this

< Cp5 experiment shows a reverse effect,

is the separation of the flow from the walls of the casing
at values of b greater than a certain critical value, for
which the computation ceases to be valid.

The above considerations with regard to the optimum
width of the casing must be considered as approximate only
since no special series of tests on fans with a wide range
of widths has been undertaken, The optimum value of b on
the basis of these considerations is determined by the egua=
tion

Cam = Cza
or

2
2

. ™D
mDabu = F (D57-47) = (1-£2)

4

whence

0.25

The computation is conducted on the basis of the char-
acteristic experimentally odbtained on the fan operating withe
out casing. The analysis of the process explained above may
be almost eantirely applied to the axial fan., It is only
necessary to consider furtiaer the process occurring beitween
the fan and the diffuser inlet.
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At the fan outlet the magnitude and direction of the
absolute velocity is determined by the two components, the
axial and the tangential. The axial velocity is

~ Qsec _ Qsec

F m/4(Dg% - a®)

Cza

where d 1is the diameter of the hub. The tancential com-
ponent at the diffuser inlet, that is, at the diameter Dy,
is determined from the power with the aid of the formula
given at the beginning of this paper.*

To represent fully the state of the flow at the
diffuser inlct the following factors must be taken into
account:

1. The flow from the fan to the diffuscer is necegsur=
ily accompanied by hydraulic rotational losses.

2, A greater or less compression of the flow with
subsequent expansion at the diffuser ianlet mny be expectced.

3, A result of this expansion is hydrawvrlic impnct,
We shall consider thesc three points in greater detail,

1, The rotational losses oare evaluated in terms of
the dynamic pressure corresponding to the velocity Come

The magnitude of the corresponding loss coefficient ¢ in
the presence of rounding may be taken cqual approximately

to 0.2, In the abscence of rounding, the magnitude of the

loss coefficient may be raised to 1.5,

The problem of the choice of the coefficiaent t may
be solved on the basis of the same considerations which

*Por volumes approaching zero the above method ceases to be
valid. This 1s due to the fact that for very small volumes
the computed tangential velocity evidently tends to infinity
since 0y 1is inversely proportional to the volume (Czu =

75 Nh/QpUE). Actually the fan then operates as a mixer and
the velocity OO,y approaches the value of the peripheral
velocity, the power being dissipated in eddy formation in +the
associated masses. The computed characteristic of the fan
for very small discharges is practically of no wvalue.
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determined the value of this coefficient in the case of
the usual blower™

Thus
2
AHrot = g p csm
2
(More will be said below on the value of Csmé)

2, Mhe compression of the flow may with sufficicnt
accuracy be taken into account with the aid of the test
curve shown in figure 23 in which the compression coeffi-
cient p, the ratio of the width of the active flow (at
the diameter DS) to the total width of the diffuser: that
is,

= bflow
b

is plotted against the ratio b/Da. The radial velocity of
the flow at the diffuser inlet is therefore

¢ = Qsec - Qsec

" aDubrioy T Ds bp

3. As in the case of tha centrifugal impeller we assume,
in order to simplify the actual process somewhat that the
radial velocity at the edge of the diffuser inlet, G'Bm,
is equal to

QS ec_
D 3b

where

D:_r, = De

*We restrict ourselves in the present paper to pointing out the
limiting values of ¢, referring the reader who desires fuller
information to the article by G. Abramovich (reference 5),.
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The impact losses are

_P 1 )2
AHimp - 5 (cza - Clym
or
2
AHipp = g (Cym = Clyp)
if

Cam = Cazgq

The above methdd assumes, in particular, that the
presence of the vancless diffuser does not change either
the kinematics of the flow through the fan or the pressure
behind the fan., In the case of ccentrifugal fans this assump-
tion is sufficiently well founded. In the case of axial fans
it somcowhat contradicts the principle of the phenomenon it-
self, In the presence of a diffuser the pressure at the axis
should drop cond the discharge volume corrospondiangly rise in
comparigon with the casc of operation vithout diffuser. At
the samc timc cxperiment shows that the prosence or abscence
of a dirffusor has 1little effoct on the power cxpenditure.
This fact Jjustifics the application of the above assumption
not only for centrifugal dbut alsoc for axial fans,

We prescnt boelow the computation of an axial fan of the
CAHI typces filgurc 24 shows the computed and tost curves of
the st=tic head Hggae (Sce table VIIZ)

COJICLUSION

The computation scheme of Professor Pfleiderer is
developed and worked over so os t2 providae n pranctical method
for the computation of vancless diffusers., The method is
simultancously fres from such assumptions and simplifications
as impair the truc physical picture of thc process or arc
applicable only in particular cases. (Comparison of the com-
putations with experimental data shows sufficiently good
agreement and permits the determination of the limits within
which the friction coefficient A 1lies. The conclusions




mtoem

NACA Techniddl Memorandum No., 1038 3%

that were found applicable to the centrifugal fan are then
generalized for axial fans,

Translation by S. Reiss,
Vational Advisory Committee
for Aeronautics.
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TABLE I

AUXILIARY TABLE FOR CONSTRUCTION OF CURVZS OF FIGURES 5 AWD 6

Humber} D R-Rs i a® sina [tana | Cp iKa# K %%
1 | 330 [0.00 15° 55t | 0.274 |0.285 | 7,3 |48.6 | 6.75 | 360

2 é 350 .01 | 16° 50t 284 | ,296 | 6.83 [43.7 | 6,09 | 288

3 | 370 02 1 17° 108 .296 1 ,309 | 6.50 {38.6 | 5.36 | 226

4 wo | .ou | 18° op 316 | .333 |5.87 [31.6 | 4.39 | 151
y70 | .o7 | 20° 181 .346 ; .369 | 5.12 |2%.1 | 3.35 | &g

6 550 | .11 | 22° 50! 358 | 420 | 4.38 [17.2 | 2.39 | U6

7 650 16 | 260 38 | U487 13.70 {11.9 | 1.65 23

AH, = 18415 mm water

*K

o9

sin o

WK = K Ky p/2

Kl*_ta?a/

N

|

where K) = 5 = 2.28 ‘
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Tablellfor computing angle o and flow velpcily in vareless dliffuser

MJ
Ghr : ug | 900 | Svo | 700
TR i
e @eee M w-ms{ 9439 | 21145
Qocg !
| Gm= mph "Cem Wm! 12,2 |7
Couw= Cou .. v lee 234 20n
G- VGt +C3 l2¢.6 | 26+ | 2¢
C3 ' " 2 ) ' ) '“_->‘F
 oy= arclan & g 1’5 55’ 27440 51|
cos 0(3 0461 Lo.2a8 | 2765
4b Wa, « oy ol = 0.182 : - : - -
< . | .
- "_“"‘a" 4b (K“' Ryjrcose . Kagans 1 0.175 Z 2./65 | 9.740 |
_ A —oiz ‘ o3’ | 9020’ 801",
da,“ 0(3 + (O(a."o(.s ) 250’ E7° 47%50’

!
i b 2 otr
I -
l )

Auxiliary tables for computiig curve a9, F(R]

for delivery voimes of 390, 500 ;t 70 f"///,
Travie I Q- 360 /«.3//# . , , R
| /;-‘-M1

e DD | KKy o singp tanek  Cm K« K ‘f"-

p—r——: - - 1 4 - - —

i
1

/ 330 0 15°-55 0.27¢ 4285 7.3 486 (.75 360
2 350 | 0.0/ 16%30' (.284 4.240 (.88 43-7 .09 288
3 370 | 602 [7%;2" p.296 0.309 .50 38.¢ 536 2260
4 4io o004 (8%z27 0.3l 0.333 5.8] 316 4.33 |5/

& 470 o0.07 20°18 0346 0.369 5.2 241 3.35 B8
6 &S50 0] 22%°50 0388 0.420 4.386 (7.2 2.39 46

7

650 0./1¢ 2¢° 0438 0487 370 W9 |65 52
)
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1able ";5’00”3//# ~
¥e| D, | B-R,! o | sinet | tand| Cm er‘ K Ai
! 1330 0 27'40' | 0.465 |0.824|12.2 | 10.]1 | 1. 4] 210
2 |350| 00/ |28'18' 10474 [9.538|u.5 968 ({/345| 178
3 1370 | 0.02 |z8°50'|0-482 0.55/ |10.9 | 892 | 1.2¢ | 148
+ 40 | 004 lg0° 080 o577 |98 ' 70 | tu 107
S | 470, 007 |3/°-42'|0.525 |0-6iB | 86 | 6.9/ | 0.9 7/
b [(550]| 0.1] |34°06'(0.561 loc17| 78 | 57 | 0.7202| 42.4
T 14650 | 216 |37° 10¢02 0754 6.2 | 4.5 | 0.638| =4.5
Table V = 700 My//r.
N1, | K- ’?"m KX’ |sind |tana| Cm | Ko | K -,‘,’—;—’
' 1330 o 34‘50," 0.641 |0.83¢]|1700 | 379 | 0.526| |52
2 350 | 0.c1 |40°21') 0.646 |0.850) 16.00| 3.69 | 0513 132
3 1370 | 002 |40°50°} 0.65% {0844 |15-15| 3.57 ‘0496 | 114
4+ | 410 | 004 |#°48'| 0666 (0894 13.70| 3.38 |0.470 | 3.2
5 | 470 | 0.07 |43°20'|0.686 (0.944(1/.92 | 3.10 |0- 430 | ¢).|
e | 550 O0.11 [45°18'|0.711 |l.0o12](0.2 | 2.7¢6 [0.384| 4C.0
| 7 1e50! 046 147°5/10.741 |1105! 8.641 2.45 0.3% | 255
TableXlfor Com,bﬁf/;ij static pressure ot vancless Jjffuser exit.
Cun Miux | @00 | s00 | 700
A Hpe oo | maa | spas| ss2s | 1070
Co. - - - _ ____lM/sec 26-6 264 | 26.5
e_g;____ e —_|MMHo | 432 | 425 | 42.9
S e | 305 | 103 | 053
e‘gi ------- NM Hza 4'35 6'5 113
A"""","'0 (CzIn‘Cm).- - - - - -
(Hspz) =~ — — —— - -\ MmHo | 965 | 4/.5 | 2450
G >
’/snf 57-zf'€z"‘H‘€£‘3‘ V7.2 | LH3 1484



NACA™ Computation of vaneless diffuser for axial fan o
TM. 1038 iﬁl-o/’% type - / {2~ 0.05) j/ / / / /
-oom x () !
Dy Dy=0.710M ’;,if‘fo pn Table VIT
Dyx /.8m ’ .
Up» 74.5M/p,. Faopt™ 0-241
@ M3fpr — _ _ . _ _ _ 4000 | ¢oo0 | &avo
@ sec - — = == ==~ tu 167 | z-22
Qeec
Cia " f..g,e —— e e e~ -] @46 693 | 920
G = MR by — — —— _| 498 | 748 | 995
Cau = —_ e = — — . - .} J2.8¢ 10-.86 | 1-30
G = VG ZC;: - = = em e 43 a2 g
Sinoy,= Om/Cy — o . 0.383 | 0.6467 | 0835
Ay — — = = - — o 22%30"| 41°-s0': 5430’
Cos50{y — ~ = == ~ — — —— _| 0925 | 0.745 | 0.55
A /P_p). 008 - _ _
;;«( Re-%,) 4»0.”(4,?%0355) 0063 f
A |
Na-oly v 45 (Ra~ Rs) Cosoly __ _(radans)-.| 0.0429 ]| 0.050610.0374
Ha-oly — — = —n — . )| a%ae’ 2%s¢" 2%08’
g =Ky # G-ty ) — — . | 26%6’| 44°44" S8°35
SIn Ag —_——— e e — | 044 | 0.704 ' 0.85¢
SN Aep (mean) — — . . . . _| O.4 | 068 o-vyy
ctany . . 0172 | 0.80 | 2.30
tan'Xa, — — = - — _—— o — | 0240 | 097 | 270
' (fﬂ”b()cp(r»u.vvv) —_—_ e e 0208 0.8 % 2.50
| P~ 025 — .
Ag A l .
K= TBsinoes (1+ fardey) — — — — - — 0.216 | 0.0473 ! 0.023
RU% -%)=0z0 - ]~ -
KQ;,'O-Z/‘= Hppp = — ~ = — o~ — 4 16 0.57 | 0537
Cam~ Phous - Pehpsis — — — - . 197 | 2.9¢ | 3.43
Can= C‘%o_mo(‘_-— —_— e — - —~ ~| 402 2,99 | Z40
Cam
Ca,':z-;—mj— _—— m = = | 447 4.2/ 4.¢
p%’- —_ = = - = — = 10 7.2 7.8
3
pSt - o . __ | t2e | 107 | L29
Hﬂe&b- —_— — — — o — — 37 29 /9
Psec - QJuc
Cgmv nDou 0/8s — — — — - é:0 9.0 2.0
’ 2
A Himp. - €4 (Cam"csm)— - — =) ©° o0/ | 0.3
L 3 2
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Figs. 19,22
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FPigure 24.- Computed and test curves of Hgts of an axial fan
of the CAHI type. (D = 510 mm) with vaneless diffuser.
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