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NOMENCLATURE

Seroll cross-sectional area (sg.in,)
Constants of the equation describing a parabolic curve
Scroll cross-section diameter (ft)
Friction factor

Gravitational constant (ft/sec/sec)
Arc length of scroll segment (ft)
Mach number

Total pressure (PSIA)

Static pressure (PSIA)

Scroll radius (in)

Reynolds number

Total temperature (°K)

Static temperature (°K)

Gas velocity (ft/sec)

Cas mass flow (1b/sec)

Scroll radius ratio (R/Ri)

Ratio of specific heats

Absolute viscosity (1b/ft-sec)

Gas density (1b/cu.ft)

Azimuth angle arcund scroll periphery
measured from scroll entry (degrees)
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Subscripts

1,2,3....en Cross-sections of scroll starting with 1 at scroll entry

G Geometric centre of scroll cross-sectional area
b Scroll inner radius (constant)

) Seroll outer radius

r Radial

t Tangential

4L Total conditions
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SUMMARY

A method is presented for the determination of the area
distribution around a hot gas volute, taking into account wall
friction, a free vortex flow pattern and compressibility of the gas,

It is concluded that rig tests on a model volute are re-
quired to complement such an analysis to determine the deviation
between predicted and actual gas flow conditions.
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1.0 INTRODUCTION

A basic requirement for a tip turbine driven lifting fan is a
low loss gas supply volute, Ideally, the volute would supply gas to the
turbine stator passages uniformly over the 360 degree circumference at the
same tangential velocity and flow rate. Departure from the ideal case will
result in varying stator blade incidence angles and the likelihood of addi=-
tional losses as well as exciting rotor vibrations.

Farly volute designs were based on the assumption of constant mean
Mach number and a linear reduction of area around the duct. Rig tests on
this simplified design have shown appreciable variations in flow conditions
around the volute outlet plane (Ref. 1),

The objective of this memorandum is to set out a rapid design
method which, while not completely rigorous, will take into account wall
friction losses and a free vortex flow pattern plus a semi-rigorous treat-
ment of compressibility,

2,0 DESIGN ASSUMPTIONS

The model taken for this study was a 360° scroll having a circular
cross-section and a "goose-neck" outlet duct configuration (Fig. 1).

2,1 Flow Conditions

A free vortex flow pattern was assumed to be fully established at
the volute entry plane

X — R _— 1
= ST = i
l.€e Vt \/ti, X R —_— \/tf_' X x
For compressible flow, the gas density varies with the duct radius
and also with the angular displacement around the duct. The actual density
variation was replaced by a quadratic curve of density in terms of relative
radius ratio (see Appendix Al.3).

This density variation was taken intoc account when determining the
area at each section from continuity; but not when calculating the friction
pressure loss, In this latter case a geometric mean value of density was
used at the given cross-section, as indicated in section 3.2f.

2,2 Static Pressure at Inner Radius

In order to provide a constant acceleration between the inner radius
(goose-neck entry) and the stator outlet, the static pressure, based on
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tangential velocity only, was kept constant at the scroll inner radius
by adjusting the volute area. The resulting radial flow was accordingly
assumed to be uniformly distributed around the volute,

2.3 Total Temperature and Pressure

The total temperature of the gas was assumed to remain constant
through the scroll, The total pressure was assumed to be constant over
each cross-section and to vary only with scroll angle (q?).

2.4 Friction Factor

To simplify the pressure loss calculations, a constant friction
factor was used. An average value was selected from the Moody diagram
for straight smooth pipes, based on the average Reynolds number, using
the volute cross-section diameter as the characteristic dimension.

3.0 DESIGN METHOD

3.1 Inlet Gas Conditions

The following values at the volute inlet are known or selected:
total temperature, total pressure, mass flow and Mach number,

3.2 Calculation Steps

Commencing with the above values, the following steps are carried
out:

(a) The entry area is calculated from the given inlet flow cone
ditions, using e §(M), from gas flow tables (Ref. 2).

Initially a linear distribution of the scroll cross-sectional
area with respect to scroll angle ( @ ) is assumed, i.e.

S el

Ag
(b) The scroll is divided into segments of equal angle.

(c) A mean Reynolds number is calculated for the volute,

R @ Vie D
= £
where & = density at geometric mean radius

Ve = tangential velocity at geometric mean radius

D

it

diameter of cross-=section

{* = absolute viscosity
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(d)

(e)
(£)

(g)

(h)

(1)

With mean values of the Reynolds number, a friction coefficient
is selected from the Moody diagram for straight smooth pipes
(Ref. 3).

The mean L/D ratic is calculated for each segment.

From the selected Mach number at entry (using the gas flow
tables), Ve, s Rg, » Teew ond P, are found. It is
assumed that (s, and V. remain constant through the
segment when calculating the pressure loss,

The friction total pressure loss is calculated from:

AR, = )[(17?)),_2 "%

and hence P2 is determined,

Psi is specified (being assumed constant arcund the scroll),

At entry conditions, knowing V.., , free vortex flow yields

st Ra,
\/til—' VtGIxRL v
Intering the gas tables with —4il ields P .
g g e 7 5 /psi

The area at station 2 is determined from continuity as follows:

Y \ ; = \é
From (g) and (h), one finds e>4%1 , hence Jq?;f 5 't}agzz
and 6%2 .
(4]
W :fpvtdA
i

Xopt1
= oo | B e2 bl 2ot
(2 "tiz 144 Q(Lz+1)2 +2'b(xaz+1) +4c

(see Appendix "A" for derivation).

This equation must be solved iteratively for Az, using initial

guesses for X,, from the linear area reduction prediction, and
revising this guess with the new values computed for Az. The

value of W is assumed to decline linearly with angle ?9 .
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(3) \ész and (g, are found from

= Ri Vo, i vi T
V;fGa_ Vtizx_hjz p Hemes Jogr glvang /Tsez 4

B?ﬁ%gz and. Poz o

(k) For subsequent segments, steps (g), (i) and (j) are repeated.

3,3 Sample Calculation

The results of a sample calculation are plotted in Fig. 2. The
basic parameters were: W = 23 lb/sec., T = 900°K, P = 32,12 PSIA, M = .35
and Y = 4/3. The areas were calculated at angular increments of 4O degrees.

4.0 CONCLUSIONS

L.,1 A maximum difference of about 3 percent is shown between the
areas predicted in the sample calculation and the area derived from the
basic linear variation with ¢ (Fig. 2).

Le2 In view of the test results quoted in Ref., 1, the small area
correction indicated by the method ocutlined in this memorandum suggests
that other factors, not treated in the analysis, may be of some importance
in predicting gas flow conditions.

L.3 Rig tests on a model volute designed by this method are re-
quired to determine the deviation between predicted and actual gas flow
conditions,
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APPENDIX "AW

Determination of Mass Flow by Continuity Relationship

The continuity equation may be written
L-]
W = [ pWda
i
The free vortex flow relation is
= R; —
Vi = Yerp~ = Vard
A density variation is assumed of the form
P = O xf(xx).
To relate p and X, X, , a constant mean Mach number is assumed

around the scroll, Values of corresponding Ve ang P"'/Pc are

VT
determined from the gas tables, (M—_ is calculated for various
- T LT
ratios of R/Re s 1€, T = T X R and the correspond-

ing values of P-,/P are found from the gas tables, P“’/ﬁ; is divided
by FVP s giving P/Pc which is then plotted versus R/RG= X J)%a

over the required range as shown in Fig. Al for the particular case

of MG = 0,35,

The density relationship is assumed to approximate a parabolic curve,
thus /@ =a +b (X /xs) + ¢ (X/%;)% a, band c are evaluated by

taking three points from the curve (the mid-point and two extremes),

To obtain the inner-wall density, one sets x = 1, yielding

g = 1 4.4, Y
PL/PG a + b (/xs) + < (/xe)
Finally ¢/, is obtained from the ratio of the above two equations

and by substituting X, = 5921“_1

a (Io‘f‘i)e + 2 bx(xo+1) + 4o x?
a (x-o'f‘i)a +2 b (1°+1) +4c

whence P/e =
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10,

Referring to the geometric arrangements of Fig., A2,

= bdR
where b = 2 ‘/(_%)2_ (RG -
Ry = R,,;R
b= 2 V(Re-Rif _ (Bth _pf P = R fu
Since%'=x ’ b :2R1‘l"x2+x(xo+1) —x:

Since R = X R; , then dR = R;dx.

Combining the above relations, one obtains

dA

2R¢' \/—12‘+x(xa+1)—-x,,' X R‘: d.’.‘c

dA

Z R;E V -x2 +x(x,+1)_£' dx

Finally the velocity, density and area expresmons are substituted
back into the continuity integral, yieldin

W = Pl: v;:[ 2 Rzz [(G:(Io+1f+ibx(£*1)+4cxz)\(_xe+x(_z°+1) % xo' d‘_'x

a,(x,,+1)2+ 2 b(x+1) +4c

o A 4a(ﬁ*1f+2 b(x.+1) +2¢(x+1)|
¢4 | a(xt1f+2 b(xH1) + 40

whence W =
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