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Abstract:

The Dexign and Evaluation of Screens to Provide Multi-Cycle
20% Amplitude Sinusoidal Variations in the AFRF Rotor Inlet
Axial Velocity Component

See Page 21

This memorandum describes the results of an effort initiated
in April 1973 whose objective was to provide new disturbance
producing screens for use in the Axial Flow Research Fan
(AFRF). The performance of the screens originally developed
for use in ‘this facility was characterized by the generation
of axial velocity profiles whose maximum and minimum values
differed from the mean value by approximately 6% and by the
presence of harmonics whose amplitude was on the order of

20% of the amplitude of the fundamental. The new screens

were designed to produce axial velocity profiles with vari-
ations about the mean value of * 204 and care was exercised in
the selection of materials and in the assembly of the screens
in an attempt to reduce the amplitude of the other harmonics
relative to the amplitude of the fundamental. Results are
presented for one-, two-, four-, six-, nine-, and fifteen-
cycle screens which show that the design objectives were met
to within a few percent, 1In addition, appendices are included
which: 1) describe the performance characteristics of the
original one-cycle screen, 2) define a modified approach and
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' . the design characteristics adopted to permit fabrication of
- twelve- and fifteen-cycle screens, and 3) contain design
’ ; charts that are useful in the selection of the screening
i' - materials required in a development program of this type.
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INTRODUCTION

The purpcse of this memorandum is to describe the results of an effort
initiated in April 1973 whose objective was to provide new disturbance
producing screens for use in the Axial Flow Research Fan (AFRF). This
facility is described in Reference 1. A sketch depicting the major com-
ponents of the AFRF is presented as Figure 1. The original screens are
described in detail in Reference 2,

All of the AFRF screens were fabricated by placing screen segments
having preselected levels of flow resistance in a prescribed pattern over
a low resistance support screen. The circumferentially varying loss in
pressure at the screen produces a smoothed circumferential variation in
total pressure, or axial velocity, at the rotor inlet station downstream
of the screen. The screens can be mounted at any axial position between
the test rotor and the bellmouth inlet,

The performance characteristics of the original screens were similar,
in terms of magnitude of velocity variation and quality of harmonic coptent,
to those of the one-cycle'screen described in Appendix 1. The maximum and
minimum values of rotor inlet axial velocity produced by these screens
differed from the mean value by approximately 6%, Higher harmonics were
generated whose amplitude was on the order of 20% of the amplitude of the
fundamental,

The new screens described in this report were designed to produce
axial valocity'profilel whose maximum and minimum values differed from the
mean value by 20%. In addition, care was exercised in the selection of

materials and in the assembly of the screens in an attempt to reduce the
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amplitude of the other harmonics relative to the amplitude of the fundamental.
These changes in screen performance characteristics were desired to enhance
the level and the spectrum of the force and moment fluctuations produced

on rotor blades operating in the spatially varying flowfield produced by

the screens,

This memo contains a brief description of the screen design method,

‘a summary of the characteristics of the screening available for use or

purchased for use in fabrication of the new screens, a description of the
resistance patterns used in the new screens, and the results of a test
program conducted in the AFRF to determine the characteristics of the one-,
two-, four-, six-, nine-, and fifteen-cycle screens developed in this
program. In addition, appendices are presented which: 1) describe the
performance characteristics of the originial one-cycle screen; 2) define

a modified design approach and the design characteristics adopted to
permit fabrication of twelve- and fifteen-cycle disturbance generating
screens, and 3) contain design charts that are useful in the selection or

the screening materials required in a development program of this type.
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4. NOMENCLATURE

A

Design ratio of maximum axial velocity increment to reference
axial velocity

Magnitude of fundamental Fourier coefficient

th

Magnitude of n”" Fourier coefficient

Grid loss coefficient

Wire diameter

Resistance coefficient

Minimum value of resistance coefficient

Resistance coefficient increment associated with overlay segment

Spacing between centers of wires in a square grid

Number of wires per inch in a square grid

Summation index in Equation (8)

Nuﬁber of cycles of axial velocity variation per circumference
Static pressure loss

Radius

Reynolds number based on wire diameter d and the intersitial
velocity through the grid, Vegp a/(l-s)y

Grid solidity, the ratio of open area to blocked area
Rotor inlet axial velocity
Circumferential average value of rotor inlet axial velocity

Reference axial velocity, the uniform axial velocity at a point
far upstream of the screen.

Axial distance from the screen to the rotor inlet measuring station

Function in Equations (4) and (5) dependent upon A and X,

Circumferential angle measured in a plane normal to the facility
axis

Circumferential extent of an overlay segment
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OMAX Value of 9 associated with one-cycle of variation in resistance

coefficient for screens having values of N greater than one

v Fluid kinematic viscosity

3 Fluid density

¢f Phase angle of fundemental Fourier coefficient
g Phase angle of n°® Fourier coefficient

X (1 + k)2

X 1+ lgm)l/ =

5. SCREEN DESIGN METHOD

A fluid stream passing through a grid experiences a loss in static
pressure Ap. This pressure drop may be described by a dimensionless

resistance coefficient K which is based on the upstream velocity V rmal

REF 1O
to the grid,
K = __.92___2 (1)
0
(1/2)5 Vegp
A number of investigators (e.g. Weighardt, Reference 3) have found that
grid geometry and resistance coefficient may be related by

cC 8
K= (1-3)2 (2)

where s is the solidity ratio of the grid (ratio of blocked area to open
uu)mdcualuswdﬁﬁmtmmhnafmaMnﬁRWMMBmmﬂ
Re. The characteristic Reynolds number VeEF d/(1-s)v 1is based on wire
diameter 4 and the intersitial velocity through the grid thF/(l-a)'
Cornell (Reference 4) analyzed grid performance data for Re < 20,000 and
found for square mesh wire grids that ¢ initially decreased with increasing
Reynolds number, leveled off at about 0.80 in the range 600¢Re¢ 4000, and

then rose gradually to a value of 1.00 at Re X 15,000,

I
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In the construction of the one- through nine-cycle AFRF screens an
overlay technique was used; that is, segments of wire grid having different
mesh sizes and wire diameters were placed side-by-side in a prescribed
pattern over a single support screen of low resistance coefficient. McCarthy
(Reference 5) has reported the results of a series of experiments for an
arrangement of this type. McCarthy's experiments covered the Reynolds
number range 600 ¢ Re¢ 5000 based on the overlay screen geometry. He
found that the combined resistance coefi icient was accurately predicted by
adding the individual resistance coeffi.ients of the support and overlay
screens as predicted using Eqn. (2) with ¢=0,78. These experiments were
conducted in a water tunnel using a support screen with a solidity s of
0.267. The measured combined resistance coefficients varied from 0.80
to 17.00. ’

McCartny also developed an analytical solution for the steady, moderately
sheared, three-dimensional flow past a wire grid of arbitrary resistance
distribution which is placed normel to the axis of a duct of arbitrary but
constant cross section. McCarthy's formulation represents an extension
of those given by Owen and Zienkiewicz (Reference 6) and Elder (Reference T)
for weakly sheared, two-dimensional flow past wire grids,.

In the AFRF, the desired rotor inlet flow field has a spatially fixed
axial velocity component V that is independent of radius and varies
sinusoidally with circumferential position. Thus V may be expressed as

V= Vogp (1 + A sin Ne) : (3)
where thr is the uniform axial velocity in the duct 'ar upstream of the

grid, A is the design ratio of maximum axial velocity increment to reference
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axial velocity, N is the number of cycles of axial velocity variation per
circumference, and A is circumferential angle measured in a plane normal to

the facility centerline. In terms of V and V

REF? McCarthy's solution is of

the form

L A £1 «x) 1+ 6x3 Ly
VRer (1-x)3 e e

(&)

Substitution of Eqn. (3) into Eqn. (4) leads to the expression

1.02 (1 +x) | 1+ 653
A sin NP = (1+x3)23 ?‘/O - —6;2—— (5)

where
X =(1+ K12
1/2
xo =(1+ KMIN)
and 3 3,2/3
Yo= 1+6xg : A(1+xo)
6 X, 1.02 (1 + xo)

At any circumferential position, the resistance coefficient is given by

K=HKn * Bveray (6)

where KMIN is associated-with the large wire diameter, large spacing grid
selected as a support screen for the assembly. Thus for selected values
of KEIN’ A and N, Eqn. (5) defines the variation of K with circumferential
angle @,

The support screen used in the AFRF screens is made of brass and has
a wire diameter d o1 0.135 inches and a wire spacing m of 1.015 inches.

In terms of d and m, screen solidity may be expressed as
2

d d
g8 =2 [;] -[;] (7)
Thus s = 0,248 for the support screen, and from Eqn, (2), K&IN = 0,343,

The results yielded by the solution of Eqn, (5) with Kypy = 0.343, N =1
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and A = 0,05, 0,10, 0.15 and 0.20 are shown in Figure 2. 1In all cases, the
variation of resistance coeff%cient is characterized by a peak at 8 = 2"{0o
that is sharper than the valley at 6 = 90°. This is due to the fact that
the flow in the vicinity of the screen tends to curve away from regions of
high resistance coefficient and toward regions of low resistance coefficient.
The information presented in Figure 2 is all that is required from
McCarthy's solution for the construction of the AFRF screens, The required

variation of K with 6 for screens having values of N other than N = 1 can

360°

be obtained by replotting the data from Figure 1 with GMAX i T RO

intermediate values of & replaced by % .

6. OVERLAY SCREEN CHARACTERISTICS

To construct AFRF screens with A = 0,20 and KMIN = 0,343, it was
necessary to select overlay screen segments which subdivided the region
from K = 0,343 to K = 1,591 in a finite number of approximately equal
increments. The characteristics of the screens available for use as over-
lay screens in April 1973 are presented in Table 1., The characteristics
of screens purchased in May and June of 1973 are summarized in Table.é.
The AFRF screens described in the following sections of this memo were
constructed using combinations of overlay screens taken from the listings

in Table 1 and 2,

T. DESIGN AND FABRICATION OF THE NEW DISTURBANCE GENERATING SCREENS

The procedure followed in the design of the new one-, two-, four-,
8ix-, and nine-cycle disturbance generating screens is described herein,
Two additional screens, a twelve-cycle screen and a fifteen-cycle screen,

have been designed and fabricated using a slightly different approach, These




-11- January 8, 1974
EPB: vedb

screens are described in Appendix 2,

a) The One-Cycle Screen

This screen was designed using the results presented in Figure 2 for
A = 0.20 and the overlay screen materials described in Table 1. The design
problem is reduced at this point to a determination of the angular extent
of segments having levels of combined resistance coefficient, Table 1, of
0.343, 0.484, 0.713, 1.201, 1.329, or 1.746 to provide a good representation
of the design variation of resistance coefficient., The selected overlay
circumferential dimensions are shown in Figure 3, A full-scale drawing of
the type shown in Figure 4 was then made and copied, Note in Figure 4 that
the radial dimensions of the overlay segments differ from the radial dimensions
of the support screen by 0,10 inch. This provides for clearance to eliminate
damage to the overlay segments due to scraping against the facility walls,
Full size paper patterns of the overlay segments were obtained from the
print. The required number of overlay segments were then cut from screen
stock using the paper patterns as a guide,

Fabrication of the disturbance producing screen was initiated by
centering the support grid/hub - and outer-casing ring assembly over the full-
size drawing and marking with drafting tape the position of the radial lines
which define the boundaries of the segment having the highest combined
resistance coefficient. The KOVERLAY = 1,403 segment was then positioned
within this annular sector and fastened to the support screen using a
minimum amount of thin tinned copper wire, The grid assembly was then
placed over the full-size drawing and the radial lines which define the
outer radial boundaries of the two K = 0,986 segments were marked

OVERLAY
using drafting tape., This process was continued until all segments had
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been positioned and firmly secured to the support screen. This general
procedure was followed in the fabrication of all the AFRF screens. A
photograph of the resulting one-cycle screen is shown in Figure 5,

The overlay segments for this disturbance producing screen contain
wires with diameters of 0,020, 0,028, and 0.035-inches. These wires are

strong enough to resist damage during handling if normal care is exercised.

b) The Two- and Four-Cycle Screens

The overlay screen materials described in Table 2 were purchased
after the one-cycle screen had been designed, fabricated, and subjected
to a series of preliminary tests. These tests showed that the new screen
was producing results that were close to the design objective, The charts
presented in Appendix 3 were used in selecting additional overlay screens that
would:
1) provide resistance coefficients in the range from 0,100 to 0.300
with large values of M (mesh size or number of wires per inch). This
was necessary since as N increases, the overlay segment circumferential
dimension decreases. Wher this dimension approaches m (Note that m = % )
the overlay segment falls apart while it is being cut from the screen
stock. Thus Screen Number 1 of Table 1 was not well suited for use
in screens with N> 1,
2) provide resistance coefficients in the range between 0.370 and 0,858
with large values of M,
3) provide resistance coefficients in the range between 0.986 and 1.403

with large values of M, These screens permit a closer match between

the grid resistance and the design value in the region of maximum

resistance,
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The overlay screen materials described in Table 2 are all suitable
for use in the fabrication of the grids of concern herein with the exception
of Screen Number 2. This screen is too weak to hold its own shape,

The overlay characteristics selected for the two-cycle screen are
presented in Figure 6, This overlay screen pattern was also used in fab-
rication of the four-cycle screen., However, in this case the circumferential
extent of the individual segments was reduced to one-half the value shown
in Figure 6. Photographs of these screens are presented in Figures 7 and
8. Care must be exercised in handling these screens since the KoverLAy = 0.226
segments are easily damaged.

¢) The Six-aand Nine-Cycle Screens

The number of overlay segments and the resistance pattern used in
fabrication of the six- and nine-cycle screens were changed from that used
in fabrication of the two- and four-cycle screens. This was done to simplify
the grid fabrication problem and to eliminate the use of KbVERLAY = 0,226
segments which are easily damaged. The overlay characteristics for the six-
cycle screen are presented in Figure 9. In the fabrication of the nine-
cycle screen, the circumferential extent of the individual segments shown
in Figure 9 was reduced by a factor of two-thirds, Photographs of the six-
and nine-cycle screens are presented in Figures 10 and 11. Handling of these

screens has not presented a problem,

8. MEASURED SCREEN PERFORMANCE

a) Basic Performance

During the period from May to December 1973, a series of experiments

wvere conducted in the AFRF to define the characteristics of the rotor inlet
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flow fields produced by the screens described above as a function of
circumferential average rotor inlet axial velocity V, distance from the rotor

inlet station (Probe Insert Station 1-D) to the screen x., and radial

e’
position at the rotor inlet r. The conditions at which these tests were

conducted and some of the results are presented in Table 3, The value of r
at the annulus mid-radius is 7.75 inches. The results presented in Table 3
are in the form of a coefficient Af and a phase angle Of. These quantities

were determined from Fourier analysis of the measured rotor inlet axial

velocity expressed as

o0

_La=A° 1(N9+¢)
ot wel

n=1

The subscript f in Table 3 denotes fundamental. For the one-cycle screen

f = 1, for the two-cycle screen f = 2, etc, The summation was carried to

n = 25 in most cases and to n = 30 in a few cases, Results were compared
for one run (Run No. 109) with n = 9, 12, 15, 18, 21, 24, and 25—there was
no difference in the corresponding coefficients and phase angles. The phase
angle data as presented in Table 3 is of little use in this memo except as
a means of checking for consistancy among runs made with a given screen at
a given time period.

Summary plots which describe the data presented in Table 3 are presented
as Figures 12 through 16, Identical scales are used on the ordinate and
abscissa on these curves except for Figure 16. In this figure the scale
used for the ordinate is one-half that used in the other figures. The
plots show the variation of the magnitude of the fundamental Ar as a function

of V, Xg» and r within the 1imits imposed by the available data, The
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TABLE 3. SUMMARY OF TEST PROGRAM CONDUCTED TO DEFINE
' FLOW FIELDS PRODUCED BY AFRF SCREENS
P Type of Date of Run r x5 v ¢f
Screen Test | Number*| 1n. in. ft/sec. A, Deg.
1 - cycle 9/1 104 1.7% 55.6 L3.55 0.1814 -2.00
9/7 105 43.65 0.1816 -1.54
5/1 55 43,74 0.1808 0.51
9/7 106 57.16 0.1789 -1.71
5/1 56 57.35 C.1778 1,34
‘ 9/1 107 65.68 0.1770 -1.89
i 5/2 60 66.46 0.1759 0.49
4 5/1 ST 66.56 0.1741 1.39
| 9 7/13 79 69.81 0.1738 1.711
7/13 T 78.25 0.1720 2.13
9/1 108 78.76 0.1751 -1.k2
» 5/2 58 79.21 0.17k46 1.2k
9/u 98 79.25 0.1762 0.07
5/3 61 79.40 0.1783 | 1.20
7/13 80 87.11 037 | 2.18
8/30 96 95.79 0.1746 | -0.85
9/k 97 96.16 o118 | 0=
5/3 64 6.75 78.57 0.1667 | 0.63
8/30 9k | 8 0,372 | -3.35
5/3 65 1 79.20 0.1708 0.k
5/3 63 8.75 78.96 0.16L1 1.4
i 5/3 62 § J 79.76 0.1686 -0.k9
9 68 7.7 30.5 79.37 0.1868 0.45
5/4 69 ¢ 80.28 0.1853 0.02
I 5/3 66 12,5 | 78.18 | 0.18% | 4.6
| 5/3 67 } 78.L4 0.1878 k.65
2 - cycle 7/10 70 55.6 64 .98 0.2093 =L 27
7/12 73 | 77.70 0.1986 -3.93
: 7/12 Th | 78.36 0.1980 | -3.8
L8 8/29 93 6.75 : 78.68 0.2058 | -3.30
~ . 8/29 . 92 8.75 | 78.22 0.1971 | =3.79
A 4 - cycle 7/12 76 T.15 | 78.23 0.2221 | -2.i1
’ . 7/12 75 t 78.32 0.2100 -3.45
8/29 90 6.75 78.71 0.2031 | -5.82
8/29 91 8.75 ‘ T7.84 | 0.19L2 -2.7h
6 - cycle 8/2u 81 7.75 42,81 0.1847 | -1.52
8/2k4 82 56.59 01774 | -2.31
8/24 83 64.89 0.1753 -1.ho
8/2u4 85 T7.61 0.1685 -4 .26
8/24 8u 78.36 0.1724 -2.01
8/27 86 89.21 0.1685 3 -0.81
8/21 871 90.51 0.17ik | -1.29
8/29 89 | 6.75 8.4k | 0.1566 | -6.07
| 8/23 88 | 8.715 76.96 | 0.1859 | -3.19
9 - cycle 9/6 100 71.75 79.47 0.1195 | 86.m1
¢ 9/6 101 ' 79.81 0.1191 | 86.87
9/7 103 6.75 78.52 0.1004 | 79.53
9/6 102 8.75 77.87 0.1k4k9 | 87.73
“ 11/12 114 7.7 30.0 77.18 0.1611 | 165.39
: 1/9 113 f T7.68 | 0.1619 | 165.36
11/7 11 21.9 TT.41 0.1779 ' 160,70
11/9 112 T7.48 0.1773 | 160.23
e 10/25 110 12.4 77.52 0.1964 | 171.85
k ‘ [ 10/25 109 77.63 0.1967 ‘ 171,71
& 15 - cycle 12/12 116 79.94 0.1702 | 285.33
i 12/11 115 80.08 0.1725 | 288.25
b .‘nn assistaice of Albert Hinger in conducting Run Numbers 55 through 58, and
61 through 69, and of Fred Eisenhuth in conducting Run Numbers 109 through
‘ 114 1s gratefully acknowledged,

L“w‘ o _-:—m, e
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variation of Al, A2, and A6 with V exhibits a trend that is similar to the
variation of K with Re found by Cornell. Thus the dependence of Ap upon
V is due to the dependence of K upon Re, The variation of A1 and A9 with

» which shows that Af decreases as the distance from the grid increases,

e
is due to turbulent mixing, The characteristics of the turbulence are
different in the regions downstream of different overlay segments--thus the
flow downstream of the grid is quite complex from a turbulence standpoint.
The more rapid decay of A9 relative to the decay of A1 with axial distance
is due to the fact that the circumferential distance between regions of
maximum and minimum velocity is much smaller for the nine-cycle screen.
The variation of Af with r exhibits different characteristics for the
different screens and can not be explained at this point. In the screen
design method, Af is independent of r.

Examination of Figures 12 through 16 and Table 3 shows that the design

objective of A, = 0.20 has been met to within a few percent. For A

: £ el

0.20 at r = 7.75 inches with V = 80 ft/sec., the one-, six-, nine-, and
fifteen-cycle screens should be placed close to the rotor inlet and the

two- and four-cycle screens should be placed just downstream of the AFRF
inlet (xG = 55.6 inches when the screen is inserted against the upstreanm
side of the AFRF inlet support struts). The different locations required
for the different screens reflects the differences in design characteristics

and the different levels of succeptibility to turbulent mixing.

b) Rotor Inlet Velocity Profiles

Results are presented in Figures 17 through 31 which define the

characteristics of the rotor inlet velocity profile for the range of
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conditions described in Table 3.* Each of these figures consists of two
parts., The first part depicts the variation of the measured velocity ratio

V/V with circumferential angle 6, Curves have been superimposed on the

data which compare the design variation of V/V with 8, for which A = 0,20,
with the variation obtained from Fourier analysis of the data with A = Af.
Each of these curves has been plotted using the phase angle from Table 3.
The second part of these figures contains the results of the Fourier
analysis, Here the magnitude of the coefficients A.ﬂ is shown as a functién
of the harmonic number n., This information is of value in determining the
degree to which the screens are effective as generators of a flow field that
is dominated by a single harmonic.

The velocity profile generated by the one-cycle screen is similar in
all respects regardless of the values of V and r when Xq = 55.6 in. As
Xg decreases, an increasing degree of scatter appears in the variation of
V/V with 6 as shown in Figures 18, 22 and 23. This increase in scatter is
accompanied by a clight increase in the magnitude of A1 and a larger increase

in the magnitude of the higher harmonies. 1In Figure 23 with x. = 12,5 in.,

G
the worst case, the value of the largest higher harmonic, A5’ is only 11.3%
of the value of Al' Thus this screen produces a rotor inlet axial velocity
profile that is dominated by Al for the entire range of operating conditions,.
Results are presented in Figures 24 and 25 which describe the nominal
performance of the two- and four-cycle screens with Va 78,3 ft/sec., r = 7.75

inches and xG = 55.6'1néhes. The results of Fourier analysis show that strong

# Sandy Atkins, Brandt Atkins, Robert Eisenhuth, Fred Eisenhuth, and
Robert Davis assisted with the data reduction at various stages in this
program, Their help was appreciated,
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two- and four-cycle disturbainces are generated and that the design con-
dition of Af = 0.20 has been exceeded in the four-cycle screen,

The six-cycle screen data, Figures 26 and 27, contains several
harmonics that exceed 10% of the velue of A6' This decrease in the
quality of the flow field may be due to the increased effect of turbulent
mixing. At the nominal AFRF operating condition of V = 80 ft/sec, the
magnitude of the highest undesirable harmonic, A2, is 15.6% of the
magnitude of A6 with the screen mounted against the inlet centerbody
support struts.

Figures 28, 29 and 30 show the effect on the composition of the rotor
inlet flow field generated by the nine-cycle screen of successive reductions
in the distance from the screen to the rotor inlet, As XG decreases, the
level of the fundamental A9 increages toward the design value of 0,20 and
the quality of the flow field increases as evidenced by a gradual reduction
in the level of the other harmonic amplitudes. The results presented in
Figure 30b show that with Xg = 12.4 inches, this screen generates one of
the best flow fields obtained in this test program,

Twelve- and fifteen-cycle screens were also designedlin this program,
and a limited number of runs were made to evaluate the performance of the
fifteen-cycle screen. The results are presented in Figure 31. This screen
vas tested only at x, = 12.4 inches. The measurements show that the fifteenth
harmonic is close to the design value of 0.20 and that the first, seventh,
fourteenth, and sixteenth harmonics are larger than is desirable. The
magnitude of the fourteenth harmonic is 19.9% of the magnitude of the
fundamental. These results are felt to be encouraging since a new pro-

cedure was adopted in the design of this screen (see Appendix 2). It
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may be possible to improve this type of screen through the use of a larger
number of overlay segments in conjunction with a smaller wire diameter,

smaller mesh size support screen.

9. CONCLUSIONS

The results of this disturbance generating screen development and
evaluation program have shown that:

1) The analytical method developed by McCarthy can be succeséfully
applied within its region of applicability--namely to treat the case of
steady, moderately sheared, three-dimensional flow past a wire grid of
arbitrary resistance distribution which is placed normal to the axis of
a duct of arbitrary but constant cross-section,

2) One-, two-, four-, six-, nine-, twelve-, and fifteen-cycle screens
are now available for use in the AFRF which generate sinusoidal rotor inlet
axial velocity profiles whose maximum variation from the average value
is close to the design level of 20%. The composition of these flow fields
is good -- i.,e., in general, the presence of harmonics whose magnitude
exceeds 10% of the magnitude of the fundamental is limited to a few cases.

3) The characteristics of the flow field generated at the AFRF
rotor inlet by screens of the type described in this report are a function
of the AFRF operating condition (V) and the location of the screen (xG).
This dependence has been attributed to the effects of Reynolds number and
turbulent mixing, respectively.

k) By slightly modifying McCarthy's screen design approach,
twvelve- and fifteen-cycle disturbance generating screens were designed
for use in the AFRF, This new design method, which utilizes multiple
overlay segments, could be used to extend the present capability above

the fifteen-cycles per revolution level,

R —— . m————— - ———
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APPENDIX 1, PERFORMANCE CHARACTERISTICS OF THE ORIGINAL ONE-CYCLE SCREEN

The measured variation of the rotor inlet axial velocity profile produced
by the original AFRF one-cycle screen is presented in Figure 32a and the
associated distribution of the Fourier coefficients is shown in Figure 32b.
The performance of this screen was disappointing since the magnitude of
A1 was well below the design value of 0.10 and higher harmonics were
present, e.g., A9 in Figure 32b, whose magnitude was on the order to 20%
of the magnitude of Al' The performance of the other original screens--
those having values of N of two through six~-was similar to the performance

of the one-cycle screen,
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APPENDIX 2, DESIGN OF THE TWELVE- AND FIFTEEN-CYCLE SCREENS

The approach taken in the design of these screens differs from the
approach used in the design of the one- through nine-cycle screens in one
significant respect., In the twelve- and fifteen-cycle screens, multiple
overlay segments were used., The maximum level of resistance coefficient
for A = 0,20, K = 1,591, was approximated by combining the resistance
coefficients of the support screen, K = 0,343; of a large circumferential
extent overlay segment, K = 0.587; and of a small circumferential extent
overlay segment, K = 0,685, The sum of these resistance coefficients is
1.651. The circumferential extent of the twelve-cycle screen overlay
segments is shown in Figure 33. The circumferential extent of the overlay
segments that were used in the fifteen-cycle screen were obtained by
multiplying the twelve-cycle screen values by a factor of 0.8,

Use of this method of screen fabrication is based on the assumption
that McCarthy's test results for a single overlay screen, in which the

resistance coefficient for the support screen/overlay combination was

Lo
shown to be equal to the sum of the resistance coefficients of the individual

screens, can be extended to a combination containing two overlay segments.
The limited results obtained in this program indicate that this assumption
is valid., Consequently this approach could be used to construct screens
with values of N greater than fifteen if a need for screens of this type
arises,

APPENDIX 3. CHARTS FOR SELECTION OF SCREENS TO PROVIDE A GIVEN RESISTANCE
COEFFICIENT

Three charts were prepared as an aid in selecting the overlay screens
described in Table 2, These charts proved to be extremely useful. Con-

sequently, they are presented here as Figures 34, 35, and 36 so that persons

S ———— iy R T T — pe
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involved in the selection of square mesh wire screening having a given
resistance coefficient may use them, These charts relate screen solidity,
ﬁeynolds number and resistance coefficient to wire diameter 4 and number
of wires per inch M for 0.01 in. < 4 € 0,09 in. and 2 { M < 20,
Screen solidity, defined by Eqn. (7) with M = é , 1s presented in

Figure 34, Values of the craracteristic Reynolds number computed with
Vv P = 100 ft/sec are presented in Figure 35. Values cof the characteristic

RE
Reynolds number associated with operation at a different value of VREF’ say

RE
from Figure 35 by the velocity ratio--in this case by (80/100). The

v P 80 ft/sec, can be obtained by multiplying the (Re)loo value obtained

resistance coefficient defined by Eqn. (2) with ¢ = 0.78 is presented in

Figure 36. The data presented in Figure 36 apply for 600 ¢ Re < 5000.

g ——
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FIGURE 12. BASIC PERFORMANCE CHARACTEFRISTICS

OF THE ONE-CYCLE SCREEN
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FIGURE |3. BASIC PERFORMANCE CHARACTERISTICS
OF THE TL/0O-CYCLE SCREEN

0.21 =
r=775 IAN.
Az
X =55.6 N
0.20
0.19%-
| 2l JL RZ 7 ! e |
50 60 70 80 90

AVERAGE AXIAL VELOCITY , V ~FT/SEC.

V=78.24FT/sZC.

Xg=55.6 IN,

HUB TIP
b l i 1 1 ] 1 1 )
4 S & 7 8 9 10 Il

RADIUS , I ~IN.




January 8, 197k
EPB:vcb

FIGURE |4. BEASIC PERFORIMANCE CHARACTERISTICS
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OF THE FOUR-CYCLE SCREEN
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FIGURE |15. BASIC PERFORMANCE CHARACTERISTICS

QFE- THE SIX~CYCLE SCREEN
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FIGURE 16. BASIC PERFORMANCE CHARACTERISTICS
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FIGURE |7é. FOURIER COEFFICIENT MAGNITUDE
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FIGURE (B6&. FOURIER COEFFICIENT MAGHITUDE

0.2¢

0.16

Q
Q
8 9

0.04

FOR ONE=CYCLE SCREEN RUN
NUMEER &1

V = 79.40 FT/sz¢.
V=775 (N

'X_G 255-5/'/.

l];l;x'll;L

Ny e ——————————————

l | ’ Lt LS
2 3 4 5 6 7 8 9 /0 IRIZI14/516 17 /8 1?2021 Z2222425

HARMONIC NUMBER ,

. f—

Y ——




(930) 6 * 379NH THILN3YIJWNIFII
0SE

02¢€ 082 ove 002 091 021 08 oy 0
R S it w, I 3 e Li % i el  j L & | LJ LS L LE L4 v —
4cL0

% NOILYLN3IS 3N IY INOWIUH 151 :

&

@ 480

mm ]

o 2.

N |
<|Q
mio

160 2|2
(]
mi<
m
— <
miaQ
rio
Qe
' - °o~ m Ilh
3 s
1
&
41°1
‘NI 9°§55 = 2%
’ NI SLL = A G
A4 e 5
R '>35/134 21°96 = A e
L
L6 AIFWNN NN NIIHIS 372K ~INO HOS 4 g1

INS0dS ALIZ2O0T3A LIINtI JOLOY TI3YNSYIW 26/ 3NN

T A

23 e A e o b




e S

PGSR SO TR

e ST

45, January 8, 1974
EPB:vcb

FIGURE 194é.. FOURIER COEFFICIENT MAGNITUDE
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FIGUKE 204. FOURIER COEFFICIENT MAGNITUDE
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FIGURE 214. FOURIER COEFFICIENT MAGNITUDE
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FOURIER COEFFICIENT MAGNITUDE
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FIGURE 24 ¢. FOURIER COEFFICIENT MAGNITUDE

0.20

O.le

0.08

0.04

~—

FOR _TwQ-CYCLE SCREZN RUN
NUMEZR 74

V 2 78.36 FT[SEC
r= X975 IN
XG = 55.6 IN

| l,_l Q il sliniunashasimbonilmelnorsarbammal

A s
2 4 5 6 7 8 9 10t 1213141516 1718 19202, 2223245

HARMONIC NUMEER , M




9300 86 °

379NY THILIN3¥34WNIYID

0S€ 02€ 082 ov2 002 091 021 08 o¥ 0
. i L 4 L} Ll Ll L] L e o T Ll Bl ;i v > L) L LS Ll —
4L°0
NOILVAINZ SIS T o T E I s
,m., \ VLA IS W - e 3
1r..;, \<\4V\LH\\ Y * / ] B (¥, .’o‘l/ 3
nH;’ \ . \\,‘.z // ’ \ w.o
o ¢ F 7 % \./
- B * f Y # 3 : g
25 : ¥ } w. m.w 2 ,
+
i ; #
* 6°0
++.. i3 » v
+
¥ +
+
+
+
+ 01
+
e
' + |
O + 4
) + | +
+ .
+ I*3
+
+ \
; \ ‘
: v : .
\ + X 1 _ Ww I..\ - ~ N-ﬂ
y/ N
MGG =X nNt S, = A Wikd S2'6L=A
9L NIAFINON NS N335 124D -A104 YOI g

FUAOSS ALIDOTIN

LI TNI JOLOH (FANSUIN "PSE FHMO/S

ALIJDT3A 8307

ALIJDT3A 396¥3AY

A
A

o r——
.




9

0.24

0.20

0.04

|
|

57~ January 8, 1974
EPB: vcb

V = 78.23 FT/SecC.
=2 NS N

XG =556 IN.

[ T

L..jx;lli"ii'i: t .}

|
5 ¢

|
l
7 8 9 101 IR 1214151617 /18 192021 22222425

HARMONIC NUMEER , 7




(930) 6 * 379NY THILINIY3IHWNIYID

09€ 02€ 082 ove 002 091 021 08 (0] 4 m
2 4 L0
o NOILYLNISINAZH IINOWIYH w1 9 —
. NOILYIAYA NIISIA g
Mb YLIbT GINNSYIN 5 /
Q
M -V. ] m /J\ .# 8°0
gm ’ 4 \/ Vs
el / ; / + ’ . \.r.. ﬂ .:f
14 4 1
% E: A % |
+ , + #
+ W _ W
¥ 6°0
¥ ¥ 3 N
* * + ,
bt “Heas Tii e j
+ ; + + ,._. 7l
: + + 4 01
+ + + + .
Y 5 A
+
gl ! ¥
1 ¥ ) +
| H 4 + N 4 1°1
i ¥ ¥ +
_Io # 7] . ﬂ
| S + 3 \ + A
L , *
\) H w . +
s R, A \q Ve
/ \ / o
NIDSS=% WSl = D3AS/14 182 = A
I& S ITINN NOH NI35995 599K - XI5 Yo
INA0SS ALIDOTIA LI INI JOLOY T=ANSUITIN ‘P92 39N914 €1

ALIJDT13IA 3OBY¥3IAL

A

ALIJOT3A 18207

-




-59- January 8, 197k
EPB:vchb
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FIGURE 33. TWELVE - CYCLE SCREEN OVEFLAY SEGMENT
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