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APPENDIX 1

- ARTIFICIALLY GENERATED PROFILES




ARTIFICTALLY GENERATED PROFILES '

The methods available are primaril# intended to produce some
specified velocity profile in a two~dimen§iohal duct, and most afe based
on some form of graded flow blockage operéting'on the upstream flow to give
a particular type of profile.

The most general theory for éeneratioﬁ ofna-veioéity profile wés‘
given by Elder (21 ). AAgfid or géuze_of verying flow resistance was
specified with a varying angle to thé main flow; the genéral principle is
'illustrqfed in Fig. A.1.1. This theory has lately been re-exalhined by
~Turner (75) who, after some modification, applied numeriéal analysis
techniques to the problem of designing a gauze to produce a given velocity
‘distribution. | | _ |

“An earlier’ theory of Owen and Zienkiewitz (4G ) is actually a

p301a1 case of Elder s analy51s, and employs & graded grld to produce
a stable uniform shear flow. - The experlmental application of thelr method
has been independently verified by livesey and Turner (35))

--A simpler principle, uslng g wall flow spoiler as shown in Flg. AJ1.2,
was. applied by Iivesey and Turner (38) to the production of peaked ve1001ty
pfofiles with é high degree of turbulent mixiﬁg in a‘two-dimensiénal duct.

fhe artificial thickening of boundary layers has been experimentally
inﬁestigated\ﬁy Brighton ( 8 ) and Stevens and Markland (88 ), for 6ifoulér "
and arnular pipes respectively (éee Fig. A.1.3), Brighfon noted the use of
a circular acreen of rods'while Stevens and Markland employed gauze screcn
rings. Both'papers note that a 'trial and erréf' approach was ﬁecessary
to produce é specific velocity‘prdfile.'

Thesé lést examples serve £o illustrate one of the main problems in
that two-dimensional methods cannot easily be applied in the case where’

there is transverse wall curvature.
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A further probiem is that none of thé methods considers the generated:
turbﬁleﬁce structurs. The possible beneficial effects of inlet turbulent
mixing on diffuser flow have beeﬁ indicated in Section 1.4. Siﬁce
diffuser inlet velocify profilé effects are fairly well understood, and
in view of the highly turbulent natﬁre of many engineering flows, if was
felt that the effects. of a high level of turbulent mixing at inlet should
be quantified ezperimeﬁtally By applying increased flow mixing to particular
inlet‘velocity profiles.

'To.this end, having regard to the limitations imposed by the annular
test diffuser geometry, coarse gauzé and flow spﬁilef methods were.used;_
‘these are described in detail in Section 2.3 of the main‘text.

\




FIGURE A1

TWO-DIMENSIONAL GAUZE GRID SYSTEM— ELDER(21 )
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MEAN VELOCITY MEASUREMENTS

A.2.1. Mean Velocity Data Analysis

The non-déimensional mean velocity profile (%) data was analysed by a
computer program using numerical integration techniques to give the
‘fbllowing parameters:

Inner and Outer Wall Boundary Layers

§* o* © two-dimensional and axi-symmetric displacement thicknesses
2-p ° | - _ : _
82 5 ? e two—dimensional and axi-symmetric momentum thicknesses
*k *k ‘
Wﬁzqn., & . atw0rdimensional;and.axinsymmetric eNnergy thicknesses’
H2-D ; H two—dimensiongl end axi-symmetric shape parametef
ﬁé-D ’ H two-dimensional and axi—symmetric shape parameter
Ry - Ry Reynolds number based on momentum thickness.
PR .

Velocity Profile

o o kKinetic energy flux coefficilent
B ‘ momentum flux coefficient

(u/U) mass mean velocity ratio

Q ‘ total volume flow in annulus

The calculation of these.barameters required the use of area integration
- ~techniques aﬁd in this case the trapezéidal rule was applied.

For éach station a. smooth curve was drawn through all. the velocity
experimental data péints; in the event of marked asymmetry each profile
ﬁas analysed separatély. |
| Each boundary layer velocity profile was divided into a number of
equal intervals (dR), see Fig. A.2.1, such that thefe was a sufficiently
accuraté 'near wall' representation of the velocity profile. Further

to this end the first data point was taken at a variable distance (DISP)
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from the adjacent wall., This (%) ~ R data was. encoded onto punch cards

for computer input.

I § / . \
A U
U U
1 2 n N 2 1
DISE| BRI | - DR| | pisp
R— R ! - R R

Figure A.2.1

Taking- the two-dimensioral value of displacement thickness as an

exanple we have:

R ' :
* o u DISP ' aR
$op = (-g ®=1, T2t (fn-*_fnﬂ) 2
R -§ ' BL
o 0 e _
| | ) . .
where £f,= (1~ U)n

llfn-g’l = (- %)nﬂ

The flow chart shown in Fig. A.2.2 outlin§35the computation procedure
used. |

A& graphical check was carried out on the program computation, through
area integr;tions performed by planiﬁeter. Checks werermade at several
stations; a\typical-comparispn shown below qonfirms the accufacy of" the

numerical analysis computer program, within the accuracy limits. of the

planimeter technique.
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L/AR1 = 10.0 ; Le/nh1 = 2.0-5 AR1_2 = 2.0

Naturally developed inlet conditions

X/N = 0.145 Outer wall

Y2=D

Planimeter*¥* . Computed

X .
a &.p 0.0408 in. 0.0406 in,
9 0.0270 in. 0.0267 in.

#** mean of three integrations

4.2.2 Accuracy of Velocity Measurement

The measurement system used consisted of wall. static tappings combined

with radial total pressure traverses. The dynamic head (%puz) so measured
was. recorded on a Betz micromanometer reading pfessures of up fo.10.00 in.
Lwater gauge with an accuracy of 0.005 in.

To minimise the effect of flow distortion on the static pressure
'measurement, the tappings were kept to a diameter éf 0.030 in. The
flattenedlend pitot tube, when corrected for‘fotél pressure gradient, gave
an effective wall displacement, applying the corréption of Young and
Maas (8!3), of 0.015 in. No correction was applied to take account of\
the wall proximity effect as the effect is'minimal, typically 0.25% of
the dynamic pressure, and there is no generally applicable criterioﬁ.

Correct\probe positioning was essential in this series of tests;
measurements of inlet velocity near the wall for thin boundary layers could
be 2% in error fora positioning error of 0.001 in., this being the worst

‘_case; Hence great care was taken to ensure.oorrect probe positioning.
-'Proberalignment was less critical as yaw angles of at least i_5°
were tolerated with negligible effect on total pressure measurement.

Turbulence effects on velocity measurement were similarly considered

to be negligible for low local levels of turbulence in the region of
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(,/Gszh) = 0.10; however, where very high local turbulence levels
Q/'ETQ/h >0.30) occurred, typically in near stall conditions, the mean
velocity measured may have been overestimated in the order of 10~15% due

to the high turbulent energy contribution to the total prassure measurement.
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FIGURE A.2.2.
MEAN VELOCITY PROFILE —ANALYSIS PROCEDURE

CREATE STORAGE
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INPUT DIFFUSER
GEOMETRY

INPUT STATION

GEOMETRY
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INPUT VELOCITY
PROFILE DATA

INTEGRATION LOOP FOR OUTER WALL
BOUNDARY LAYER PARAMETERS

{ ‘

INTEGRATION LOOP FOR INNER WALL
BOUNDARY LAYER PARAMETERS °

L /

CALCULATION OF VELOCITY
PROFILE PARAMETERS.
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‘ STORE RESULTS
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NEXT STATION.
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X

Turbulence Measurements .

Supplementary nomenclature list for Appendix 3.

‘ (Re)f

Current through hot-wire.’

Bridge voltage (mean), .

" Bridge voltage (a.c.).

Electrical resistance of hot-wire,

Wire resistance at géSatemperaxure.

Wire resistance at reference temperaﬁuré.
Rgaistivity of‘wire.

Length of wire.

Piameter of wire.

Power conversion factor.

"Constant.

Constant;
Constant.
Thgrmai conductivity at fiim temperature.

Dynamic viscosity at film temperature,

Gas density at film temperature.

Prandtl rumber at film temperature.

" Reynolds number at film temperaﬁure.
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A.3.1 Operation of Hot-Wire Anemometer at Constant femperature

The.basic relgtionahip for wire heat ftransfer can be found from the
concept of thermsl equilibrium. The hgat 1055 per undt time mus£ Be equal
to the heat generated per unit time by the éleqtric current through the
wire, see Hinze (28). - This gives:

ek, R~ R : - !
IR e E (0n2(er)2 % 4 0.57(Pr)y P (Re)2 %) A3

W g . Ro

| This relation is ushally written in the form known as King's Law

'R, R
Rw_Rg = A+ B”/u; ‘ | A.3.2

where A and B are constants and uy is the instantaneous velocity.
For constant temperature 6peration_th¢.wire temperature is held

constant by an electronic feedback system, thus we may write:
. > ; -
EW = A« B
' Co 7 7
B “/ui o A.3.3

where E0 is the zero flow voltage, measuredlat'the.mid~annu1us position.

or E?—E2
o

An incompressible flow of mean velocity u.is assumed with a turbulence
componenf u' in the same direction and v' 5in the lateral direction, as
shown in Fig. A.3.1. Yor the orientation shown the hot-wiré is relatively
inéensitive ?D yaw caused by the fluctuatidn veloclty ﬁ', and mﬁking the
further asaumﬁtion that the fluctuationlvelocities are sméli compared with

u we may carry out the following anal ysis of hot-wire operation.

. ' . N qﬁ

Flegure A.35.1

w' is into the plane of the paper.

With ¢ = 900, assuming the flow approaches the wire in a normal
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.'direction, we define the axial turbulence intensity as:

/E?g YAGR

dE/d-Tl-— A-E-l}v

where the suffix 90 here refers to the ¢ = 90 case, Aifferentiating A.3.3

we get
4B B!
2FE — =
u - 2~/’“
i E
50 8k ____9° A3.D
du  LEu

substituting in A3 gives

/’7 ﬂam

-E )

which we can write as : N .
—2 —7 _ : ' ‘ . )
390/1'-; 2 . A.3.6

EZ-E2
3

90 © LEu

where K]

AJ3.7

If the wire is inclined at an angle ¢ and we assume the cosine law
of cooling; such that the wire is only cooled by the normal velocity

component; ,we have:

E2~E§ = B' /u sin | © AJ3.8

from which it may readily be shown that again

E2;E§'
S¢ﬂm— . . A-3.9

Now if the wire is aligned so that ¢ = 45°‘the‘ﬁire 1s equally sensitive
to both the u' and v' veloeity fluctuations, and considering Fig. A.3.2 we
may writes - I I

P
u u' : .7 45

‘ v'IE_P, _lz’“\\<i§°

Figure A.3,.2
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Orientation I ° (ca)I = SI(u' £v')
1 5 . = | I—
Orientation IT (e)II = SII(u v')
whence _
—~2 —2 | e =2y | -
e )I = SI(u' +2u'v o+ v') L.3.10
) Noting SI = SII = 5 and subtracting A.3.11 from A.3.10'gives

(-52)]'_ - (32)11 = Szl*u'v' A.3.12

addition of A.3.10 and A.3.11 gives
-2, 2 2—2 —2
= 25 [ [
e )I-t: (e )II . (' xv'")
Now from A.3.6

-—2 2 -2
e )90 = S9o(u )

-2
so —1—-((52) + 92) ) = 712 20
232 I 1T g2
whence
2 4 2 -2 (32)35 A
v o= ~*§'((e )I + le )I ) - P A.3013
\ 25 1 s
a similar analysis in the u' - w' plane yields relationships for w'® and
u'w'.

. Measurement;s méy be taken by the 2;59 sla,ht wire method described, as
used by Goldberg (25) and Lee (35), or by an 'X—arré.y of two identical
wires. In the latter case the exact matching of two hot-wires in the
correct geo_metry increases _experime_-ntal complication, and furt_her the X-

wires commercially available did not meet the resolution requirements: for
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the present work. Thus the l(.5o slant wire method was adopted using
D.I.S.A. miniature probe elements which gave the resolution required.

A,%3.2 Turbulence Data Analvsis

' The turbulence data was analysed using a éomputer program which employed,
where necessary, the numerical integration technique described in Appendix 2
A.2.1. The following parameters were calculated over the inner and outer

wall boundary layers:

u'v', u'w! turbulent shear stress in u~-v and u-w
planes._u
./'721 =2 [=2 . : , 44
u s v ’ w r.m.s, turbulent fluctuation velocities

in the v, v, w directions.

) o
u_'-2 ';-;-2 :
(-—-U—é—)dR and —~‘-2*-)dR * integral of Reynolds normal stress over .
)
° © boundary layer.
§
. T ’
P = 2 =R shear work integral
i 2 GR 3 U
o zPU -
3
-u'v!' '
d
L= /g—;- E%I Prandtl mixing ‘l‘ength
~“u'v' : | ' | ' |
€= { /%E-] Eddy viscosity
AN

* Two-dimensional definitions are used because the experimental accuracy

does. not warrant the inclusion of minor effects due to transverse curva-

ture.




A curve using the minimum necessary.sﬁoothing_was drawn through the
experimental points for mean bridge voltage (B) and r.m.s. fluctuation
voltage_éu/EEB. These were then enccded on to punch data cards as
described in Appendix 2, Section A2, Local mean velocity (u) and :

%%) were derived from the pitot-static velocity measurements, using the :

previously encoded (%) data. The values of (%%) calculated from this :i
data proved liable to o;ciilation above (%)': 0795, which similarly affected
the calculated values of mixing length and eddy viscosity; Thps for :
(%) > 0.95 a smopthing.curve fit technique was applied %o the calculated
values of (%%) reducing these oscillations to a minimal level.

The flow chart shown in Fig. A.3.3 illustrates the coﬁputati;n technique

used; again hand calculation and planimeter checks made on the caloulated

parameters gave satisfactory agreement.

A.3.3% Accuracy of Turbulence Measurements

Fuli accounts: of the severai aspeéts of hot-wire anemometry are given
in References (7 ), (20), (28), (52). A summary of the main limitations
of the hot-wire instrumentation used is given here. : - |

The design of & hot-wire probe always represénts a compromise between
aerodynamic, sensitivity, and mechanical considerations. The wires used
in the present tests were D.I.S.A. sub-miniature prdbe elements rtypes\55A53
(straight wire) and 55AB: (slant wire). |

Probe positioning and ﬁire alignment can give fise to serious errors
if not carefully contfolied, and great care was taken to ensure cérrect
probe positioning. The probe was traverséd radially normal to the adjacent
wall with resﬁlting misalignuent with the mean flow in the region of maximum
velocity. The analysis of Goldberg (253) indicates maximum errors of 20%
in‘ET;Tiin fhe region of maximum velocity due to this effect. The value

of u' should be unaffected. Misalignment of the slant wires themselves
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coﬁld'again give rise to errors in 5737; 'however, the wire angles were
carefully checked and it is not felt that errors due to thié source should
exceed 6%.

The correction of readings for Wall~proximity effects shown by
Wwlls (82 ) was not applied since no readings were taken in the af‘fect_ed
region. | |

The susceptibility of the caloulated values of W', ¥', u'v', etc. to
reading errérs can be investigated by considerstion of the calculation |
‘equations A.3.6, A.3.12, 4.3.13.

The véue of u used is that from pitot-atatio measurements and this.is
liable to the errors outlined in Appeﬁdix 2, A.2.2. Thus this will only
markedly affect the turbulence parameters when the local turbulence level
is high (%;:=>0.50), ana at this condition will give rise to errors of the
ofder 10% of T and 20% of W . | |

The possible reading error in‘E'is tﬁpically 4.5% in the. early stages
of diffusion and 3% in the latter stages.: The value of *E is subject to
1% error at all stages.

Considering equations A.3.6, A.3.12, A.3.13 and assuming the worst
case of the near wall position with_nén—cancelling errors we get the

following meximam possible errors:

ur 2% .
——— _ early stages of diffusion
v’ 10% :
ut 10%

, latter stages of diffusion
u'v'’ 4.0% :

Due to the algebraic nature of equation A.3.13% the combination of

poasible reading errors gives rise to a maximum error in v oof 70%.

* TInitial measurements from the mean bridge volts meter of the D.I.S.A.
55401 anemometer proved liable to unacceptable reading error and a

‘Digital Volt Heter was used to ensure greater reading accuracy.
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The hot-wire probes used for this in:vestigation had an 2/@ ratio of
100, hence some déviation.from the 'cosiﬁ'e law ass.uxﬁed in the simple analysis
of A.3.2 must be expected. Champagne and Sleicher (12 ) show fhat‘ the |
cosiné rla.w holds for an %/d ratio of 600 and abové but note increasing
deviation down to an %/d value of 100.

Another simplifying assumpfion in the ana.iysis is that the fluctuation
velocities are small in comparison with the local mean veloéity; i‘n the
latter stages of dif:f‘us‘ion t}ﬁa condition is not satisfied. This probem
has been co_nsidereti by, a,mong'others, Hinze (28), and Sandborn and Liu (57).
The former shows that a measured value of u"/ué 0.20 is liable to errors
. of the order 15% while Sandborn and Liu 1ndlcate possible errors of 1+O7
in the near wall measurement of u'v' in separatlng flow. It is 1nterestj.ng
to note that the measurements of Sandborn and Liuv give a maximum value of
— =045 in the separating region, and Spangenberg et al (64) quote a
value of O, 33 as indicative of transitory stall Hence turbulence intensity
measurements in excess of % » 0.40 must be regarded w:.th. reservatlon and do
not represent classical turbulence, but highly three-dimensi onal fluctuating
flow with near zero mean velocity.
| In the light of the above review the following accuracy limits are
placed on the measured turbulence pérémeters; it must be 'errgphasﬁ.zed tfiat

the values quoted are pessimistic:

u' 5%

u'v'  10% early stages of diffusion

v 30%

ut  10-15%

WVt 40% latter stgﬁ_?_s of diffusicn
(where (< > 0.20)

v - 60%
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A3 Asymmetry and Verification of King's Law Checks

f : Traverses were taken along each diffuser for one circumferential
‘position with checks for the dgree of asymmetry at appropriate stations.
fig. A.3J4 shows a typical example which indicates that, for the circum—
ferential measurément.positions, the differences are within the possible
levels of accuracy quoted in Section.A.3.3.

As shown in Sectien A.B.T.a 'basic' analysis of the hof—wire data
was carried out b& assuming King's law of cooling with the cosine law of
difectional sensitifity. The validity of King's law has been verified
using typical éxamples from thg present data as shown in Fié. A.3.5.

The raw exberimental turbulence data has, as. stated in Section A.3.2,

" been subjecfed to_the.minimum necessary amount of smoothing. A typical
comparison between the smoothed data énalysis énd a direct anélysis ﬁf

the_réw data is giveh in Fig. A.3.6.
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B ' FIGURE A33
TURBULENCE DATA—ANALYSIS PROCEDURE
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FIGURE AJ34
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ILLUSTRATION OF VALIDITY OF KINGS LAW FROM TEST RESULTS
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APPENDIX L

MOMENTUM INTEGRAL EQUATION IN THE
AXT-SYMMETRTC CO—QRDINATE SYSTEM




Momentum Integral Equatibn in the Axi-symmetric Co-ordinate System

The Navier-Stokes equatiohs for axi—éymmetric'flow (geﬁeral radius. R,
‘axial direction x) aré given in standard texts such as Schiichting (59).
¥or incompressible flow, as shown'by Chaturvedi (13 ), if the following -
assumptions are made: |

(i) Mean and flﬁctuétion velocities in the angular directiqn
are neglected. - |
(i1) The mean flow ié-steady.
(11i) The viscous strgsses are negligible in comparison with the
Réynolds‘stresses.
Then the mean flow equations. may be written as foliows:

"x -~ direction

u du 3 I 3 Cu'y! '
Du§;+pv‘ﬁ=f§§““p{‘§;(u')+§'§(u'v')fupf } | Adi a1
R ~ direction |

v o _ _ 3 _ BTy LA 2 -

P * P R ™ " r "[ax (uv')+aR(F)} | - A2

Further in the axi-symmetric co~ordinate system the continuity relationship
may be written: |

)

3% (Ru) + — (Rv) ' A3

i

Now noting that v = - pu'v' it can be seen from equation'A.L.1'£hat:

au _ . S
pu o+ oV SE %% pax ( ' ) + = R o (TR) Ay

and from equation A.4.2, neglecting second order terms:

__ 2 2y
3R -~ PuR ) =0

thus.
_E._ -
3R paR (v" )

which upon ihtegration glves

—2
P =pv' o+ const

‘Now if the suffix § indicates the edge of the boundary layer, then
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thus

and therefore

3p¢ - |
ap § —2 =2 -
= Tt vg m V) Ad5

Bernoulli 's equation gives

Pg=Pg* zoU S CAL6

du w8 U B 2 =2 =2y 1
.pu 7 F PV IR T 33 * oU il (W™ & vé -v' )+ R(TR) A7

.The cdntinuity relationship of equation A.4.3 upon integration gives:
ﬁ 12 ru)or

and if now the specific case of the inner wall (radius Ri’ boundary layer
_ thicknesa;ﬁi) is considered then we may say, at general radius R:
R ‘ _
.0 - : '
Rv = - S (Ru)sR _ | . AL
R. '
i
Thus if we now isolate the L.H.S. of equation A;4;7, and multiply through
by R, we have, upon integration across the boundary layer and substituting

‘equation A.t.8.

R, 48, R.+46, R
.1 1 1

1
- : du | au 3
LH.S.= | pRu EBR -\ R o (Ru)aR Adr.9
R, R. R, :

L o i i
and integrating by parts for.the second term in equation A.4.9 gives:
Ri+di o Ri*si Ri+&i
pRu 2% 3R - oUL(Ru)oR + | - pul—(Ru)oR
‘ _ . ax 80X
Ri . Ri | - "Ry
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ﬁhich reduces to:

R, 48, R. 4§, -
11 Su _ 171 3 . : .
L.H.S. = pRu 7— R * P 43— (Ru}p (u - U)R.

A A0

Now consi&ering the R.H.S. of equation A.J4.7 and integrafing over the

boundary layer, on adopting the convention Ri + Gi = Rd’ we get:
R
' . ap .
§ 4 2 2 3 =2 @ —2 =2
R.H.8. = - ax T (RS_Ri) - pR'EE (u R v5 - v1'7)dR
‘ R.
i
Rs | |
4au , '
R, o
i

4

and combining equations A.4.10 and A.4.11 gives, after re-arrangement of

terms:
R& : Rd |
au d
T (U~ u)RdR + p i (U ~ u)Ru{ ar
R, R, ‘ :
L
R&, o
o 9 2 =2 D 3 2 2
= TiRi + pR Ew (u'™ « A - vt AR +-EEF-%(R6.— Bi)
R_ . . ‘ <
i
A.}'I-‘ l1 2

Now in axi-symmetric co-ordinates. the momentum (8) and displacement (6*)

thicknesses are defined thus:

Ry ‘
] u, u R ' .

o, = (1 - -ﬁ)/,ﬁ-ﬁ_— dR o Audp 13
R. i . .
1
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Rs

' uy R : ' . ; e

R,
l‘
and from these two equations we get:
) ‘ R : : _ ‘
GiRiuz = (U = w)RudR ' : R . AL 15
. R ‘

E azltR'iU = (U - u)RdR - . A 16
: - _
;l

If equations A.4.15 and A .16 are now substituted in equation A.4.12 the

following relationship is seen to hold:

- 4 2 .‘_i..I:T. * '
oz B3R UT) o (B3R, U)
RG_ ap i
- ' I e v s YR 1 8 (p2 o2
=R +op R o= (U + ve v'O)dR e (RS Ri) B A7
R ' ) ‘
1

If equation AJ4.17. is expanded and divided throughout byf)RiUZ the

following form of the Momentum Integral Equation results:

*
P FTE SR Y.
<]
dx U d&x i Ri x
R ‘
8 2 2
T _ s . ép. ®; ~ R)
=."*:E.3~+*-1§ --}--{-“-E—B»(u'2 +'v'2-v'2)dR+-—6———§-——-l- A .18
2 R, 9x 5 ax 2
pll U r. 1t 2pUR.l
‘ 1

and a similar process for the outer wall of the annular diffuser gives:

a8 © g% 6 ar
—2,-0d0) o o,y 0o 0o
dx U dx 80

o 2 2
=:9~+-i§ Rj—-g?;?(ﬁ—‘z-t-v'z v')aR s (ROHRS)‘
p LA M 8. X oouR

S 0

- 13 -



In equations: A4.18 and A.L.19, if the diffuser flow has a potential core,

then:
ar
—8 . L T2
| Freal 0 . and vd =0
and the momentum equation on the inner wall reduces to:
¥*
dx U dx | gy R, dx
< L[
i R 3 2 2
=__:.L§.f_1. 2L ET-vTOw
R P
i

and similarly for the outer wall.
Where the gradient of the Reynolds normal stress term has been

. , . . - R
evaluated in Chapter 4 the weighting due to R’ él has been omitted on
: 1 o

~ the grounds of the high diffuser radius ratio and the relative inaccuracy
in the experimental determinatior of the p;TQ compenent of Réynolds normal

stress.

-~ 432 =
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HEAD'S ENTRAINMENT METHOQD

A.5.1 Application of Head's Entrainment Method to Internal Axi-

Diffuser Flow ~ Power law Velocity Profile

symmetric Flows

Assﬁming an annular diffuser Whefe the flow has a potentiél core,

and denoting the flow in the inner and cuter wazll boundary layers.Qi and

Qo respectively, referring to Fig. A.5.1, we may write:

R. 46,
171
Qi = 2wuRdR
R.
i
and
R
o
Qo = 7 2TuRdR
R -&
o o

A5

A.5.2

If a power law profile is assumed then the inner wall boundary layer:

R~R. %’(Hi_'i ) .
u 1
-[-]'.z { a. ' A-5'3
i
and similarly for the outer wall
a1 -
E:: RO__R E(HO 1) i .
U T - A-BJ—{-
o .
Thus
R. 48,
174 , - .
2y L(H, -
G T EEA) | (R"Ri)z( 1 Be2e0
FR § -3 - |
X
" and
| R
[o} -1(. ) )
. ony ' 2(H -1
Q =1 (R -R)*Yo 'ar . A.5.6
0 6£(H0 1) o
o} RO-GO



Integration of equations A.5.5 and A.5.6 gives:

R. S, éf
ii : :
Q = 4TU + . : A.5.7
i Hi + 1 H, + 3 .
R 60 65 '
! - Q - Ao '8 .
Y% = AU H o+ H 3 : 5

and thus the total flow in the diffuser may be written:

Q = 47U Risi + % + ((Rb 60) (Ri+ai) )’+ Ro °_ _ °
Hi + 1 H, + 3 I .? 'Hb + 1 Ho £ 3
A.b.9

This equation allows evaluation of the flow in terms of the necessary
integral, geometrical, and flow parameters in prediction methods as shown
in Chapter 5, Section 5.3.3

JAuxiliary Equatidn

For annular diffuser flow, as shown in bhapter 5; Section 5.3.3, the

Head auxiliary equation assumes the form:

ag. .
-E-E- = 2qR, UF(H!) . , £.5.10
X i i : :
effs“?

dQO .

— = 27R UF(H') CL A5.11

dx Serf. ° ' S -
where'R. and Ro are the effective radii of entrainment -on the inner

eff. - Teff.

and outer walls respectively, and H{ and Hg are representative shape
parameters.

Now

Q = 2TRudR S o AL5.12

and noting that

-3 -




1
* uy R
61‘_ ‘(1—U)RidR
R.
1
which gives
Ri+8; | ' 55 .
"U2TRAR = 2nUR (6 + - 2R = &)
R.
1
then . )
| a2 ' . |
Q; = 21TUR (6 T «5) . A.5.13
and similarly for the outer wall
S
= 210R_ (6 - == - § ) : A5
% o ‘o 2R.o " o b Tt
From A.5.13
2
aq. _ 8,
1.4 Y
ax © ax {Z“UR (8 * R, Gi)}
" which on expansion gives
aq, . 6 & . R
e URi-a-x-—(Gi+-é-§——5)+(6 +-2—R--5)U
N
af
+(5 * o 5)
2
&

combining with equatlon A.5.10 and denotlng (5 + 2;’ - 5;) = DI the

following relationship is found

“dR,
1y o 4 — du -
.21r3ieff.UF(Hi) = 21 {URi o (pI) + (D;)U = +‘ (D;)Ri dx} T A5.5

where H{ = DI/%i, chosen as a representative shape parameter. -

Re-arrangement of equation £.5.15 gives

435 -




4 (pr) =+ iR F'(H-);(Dlj-lji—-‘i—u-'(nl)f—Ri— ERVRY:
ax =% )N T ax | VY ax | Ae2e15

and similarly for the outer wall -

d 1 ' Ro dau ﬁJ‘:{o

g LG ty - = = —_— ) ;
n (D0) = 2 4B F(Ho) (p0) T 3% (Do) Tx ,_ A.5.17

0 eff. :
|
where H! = DO/GO . |
Equations A.5.16 and A.5.17 form the auxiliary equation in this

application of Head's method, as fully described in Chapter 5, Section.

5.3,3.

...13_6_




A.5.2 Theoretical Predictions. = Computer Program Output
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TamLE ASa
:TNON-DIMFNSIONAL LENGTH(L/AR)%10 00 ..

INLET RADIUS RATIOEO 833

AREA RATIOCAR) 82.000 ."'

" NATURALLY DEVELOPED INLET CONDIYIANS

CONSTANT CORE DIAMETER ANNULAR DIFFUSER

- ENTRY LENGTH(LID

uaAns'pnsarcr:cn:METHoo.MNQMﬂhQ;]L[

h,

 BLOCKAGE(B)=0.028
INLET REYNOLDS NO. (uq4$5-184092 o

£

ya 2,0 HVDRAULIC oxAMETERsﬁfgﬁ;fff:;f”m,f.f

-3,
L2,
A
B

1

2.
3.
&,
-5,

)

g
8.
9

IRy
150 ..
noo .
L0060 .
600
. 000
00d.
600 .

ado .
000 .

. 000
600
000
L0000

CINy .

6.000
6.000
6.000

6.000

6.087

5,000  137.7 -=134,4 0,227 0,761
3,000  148.6 <109.0 0,321 0,800

5.000 134.% w78.4 O0.457 0.528
_5.000..128.8 =47.8 0.508 0,8%%
- 5.000 - 124,0 m57.5 0,549 0.83%8 |
5.000 - 119.,8. =50,2 0,583 0,840 0. 083

5.000 141.0 =917 0,396 0,818

oo CCoCO0
_ ‘ .
Wl
O

5,000 .116,2 .»44,0 0,613 0,842 0_067
112.9 »38.9% 0,638

.
.
.028
.030
1.
-1,
.103

1
1

— Ry e U DUqu o By SR
iy - aT/ssc Crsge . P E
5.000. 177.7 . 0.0 0.000 0.000 000
5.000._ 178.6 8.9 = 010 0,000 000
5.000 4179.3 8.5 »,01% 0,000 000 .

5. 000.-180.0 .. 8.8 =, 027 0,000 000
5.000. 168.7 »135.7 0.106 0,633 032

4

.
"151
478
.202
1.
X

1
1

1

022
025

061
081
126

229

.237

- © W
(IN)

380 .
380

0103
.0128
L0143 1,380
20161 1,380
0217 §.567
0287 1,630
0364 9.693
0468 4,749
.0538  4.804
0635 1.857
0733 1,917
0838 4.978
L0939 2,032
1048 |

-

OUTER WALL

Cs

00451
.00426
00409
.00399
.00333
.00258
00222
.00153
L0017
..00452
00135
00120
.00106
.00096

L0097 1.370

INNER WALL:

¢S] . H
CIN)

L0120 1.370
L0139 1,370
L0157 1,370
L0215 4,557
L0289 1,619
L0372 4,661
L0463 1,690
.0563. 1,707
L0670 9,79

.0781 1.724

L0896 4,728
L1012 1,734

A137. 1,733

- C4

L 00466

.00439
00419
, 00408
00340
L0082
L0029
00206

00194
-, 00180
L 00172
00148
06140
00156




CrARLE A5.2 . CONRTANT CORE DIAHETER ANNULAR BIFFUSER © HEADS PREDICYION METHOD

JNONnDIWFMSInNAL LENGTH(LIAR)= 2,850 . @NTRY LsﬂsrutggQ%a 2.0 WYDRAULIE DIAMETERS:
,,‘WHL“,L, AREA RATID(AR)S2.000 . BLOGKAGE(B)B0.028 . . ... . .
CINLET RADIUS RATIOND.B833 INLET REYNALDS MO. tuq{?>a1?39¢5 0
o NATURALLY DEVELOPFD INLET GONBITIONS
o o . . e alTER WALL: ‘ , INNER WALL: '
WX - Ko Ri” ... U . busby tp - S 0N e 8 R B C-F 8 ... 4 C4;
(1N CIND CINY . FT/SEC . _/sEBE L CINY o CINY _
3,450 6,000 B3.000 167.9 . 6.0 0,000 0,000 0.000 1,022 |.0902 1.3983 00449 | L0097 1,375 00469
2.8500 6.000 5.000 168.4 . 8,7 «.006 0,000 0.000  %.024 |.0118 4.305 004331} .019%1 1.37% 00452
S 2.000 4.000 5.000 168.7 . .. 8.4 =010 0.0G0 0.000 4.026 |.0125 4.395 .00423 ] .0121 4,375 ,00440
1.500..6.000 5.000 .169.1% . 8.4 ~.095 0.000 0.000 1.027 [.0434 4.%33 004941 .0930 1,375 006431
1,000 . 6.000 .5.000..169.4 8.4 =~,019 0,000 0.000 1.028 |.0%943 1.395 00406 { .0940 1,375 . .00622
- 0.8060 4,000 5.000 . 169.8 8.3 ~,026 0.000 0.600 1.029 {.0952 4.353 ,00399 [ .0149 1,373 ..004%4
6,000 s.000 5,000 170.1 8.3 «~,02z8 0,000 0.000 1.03%7).0160 1.395 003961 .0158 4,375 ,00440
0.500 4.058 5.000 163,80 =170.6 0.061 0.523 0.030 1.054 |.0494 4.539 ,003%46 | .01%3 1,533 ,00334
1.600 &4.147 5,000 155,5 »13¢.9 0,153 0.744 0.032 1.067 |.0235%5 1.398 ,¢0284{ .0236 1,599 ,00287
- 1.800. 4.175 5.000 148,8 =159.6 0.229 0.P70 C.033 1.082 |.0280 9.65% .00250 | .0284 1.637 00254
2.000 . 6.23% 5.000._143.0 »140.7 0,296 0,797 0.036 1.0%8 |.0327 1.709 ..002231{ .0335. 4,673 . .00230 ..
2.500 4.209 5,000 137.8..r-124.4 0.350 0.811. 0.03¢ 1,115 {.0378 1.762 00799 | .03%0 .1.705 .,00¢2%2
3,000 4.350 5.000 133.1 -»~114.7 0.398 0.B24 0,041 1,132 041 1,814 00178 { 0449 9,722 00137
3.500 6.408 5,000 .129.0 =09 % 0,439 0,824 (.044 1,950 | 0488 41.876 ,0045% | .0510 1,735 .00189
L.n00 . 4,466 5,000 125.4 86,0 0,473 0,827 0,047 1,173 |.0542 1.945 004940 | .0571 1.?40 L0098
4.500 6.52% 5,000..122,1 =77.4 0,504 0.8328 0.080 4.195 |.0599 2,014 00123 .0636 1,745 00176
5.000 4.583%3  5.000 .119.2 =69.9 0,530 0,820 0,033 1,219 |.0658 '2.084 _,00108 | .069%  9.748 ,0077%
5,800 6.644. 5.000 .116.6 wE3.1 0,554 0,820 0.056 1,264 ). 0717 2,154 00095 | .0764: 1.?51 L,00147
§.000 6.700 5.000 114.,2 =~58.2 0,575 0.820 0.059 1_.260 | _ Q7?9 2.247 .00084 ) .0831 4,753 ,00164
6.500 6.758 8,000 112.0  =53.5 0,594 0.320 0.041 1.295 |.0841 2.277 .00075| .0900 1 756 ,00140
7.000 6.814 5.000. 109.,9 49,46 0.612 0.830 0.064 1.320 {.0908 2.33% 00068 ) .0%6% 1.758 .00157
7.500 4,874 5.000 .108.0 m45.7 0.627 0.8%0 0.066 1.346 | 0971 2.385 000482 .1038 1.759 _.00155




[

TARLE AS3

CAREA. RATIOCAR):Z 000 J ﬁjj‘[~”'

CONETANT CORE DIAMETER ANNULAR DIEFFUSER

mNﬂunﬂIWFNSIONAL LENGTH(L/AR)m 5.00

”M::QWQ INLET RADIUS RATIOR0. 333

 BLOCKAGE(BYR0.028

. WEADS PREDICTION msrnouff '”\

ENTRY LENGTH(L@D%H 2.0 HYDRAUL!C OIAMETERS

CINLET REYNOLDS NO. (uq49>=1?1263 0

NATURALLY DEVELDPFD INLET CONMITIONS

] 2.500 _4.000
2.000 &,000
4,800 4,000

- 10,800 ..6.000
— 0.000 &.000
.1 0,500 4,088
1.000 6,174
1.500 6.264
172,000 .6.353
.o F 2.500. 8,441
{3

3

L000..4,529
. 500 6,817
. 4,000 6,708
.. | 4.500 &,79%
. 5,600 .4.882

X mo . .

CIMY. ._¢INY .
7i5,

5.

3,150 6,000

5

5
1.000. 6,000..5,
-5,
5.
.5.
‘5_
5-
5,

5

OGGMU
000
.000 ..
. 000
000 -
000 -
000 .
000
000 .
000

000 -
.000
. B,
5.
5.
5.
. 5.

000

000

000

ago .
000

Ry
CCIN)Y .. RT/SEC .
165.2 .
168,86 ..
166.0
166,35

U

164.7

167.0 -

_buspx
. /SE8 ..

»150.0 0.

=159 .4
m158.8

w4246

06,2

?2.4

~54.9 .

0,000

0-000

0.0800
- 0,000
04000

0.000 .

0.0G0

0.?772
0.802

0.808
0.804
0.800
0.799
0.798

0.799:

e S

07000

0.000
0.000
0.000
0. 000
0.000
0.000
0.031
0.032

0.039

- 0.043 .

0.048
6.052
0.085

0.065%

0.063

0,035

1.021

1.023

- f.024

1§025

-41.027

1.028
1,029
1,063
1,081
1.112
1,448
1195
1,243
1,297
1.350
1.403
1.457

BUTER WALL

CIN)
0699

L0113

L0123
L0433
L0162
. 0151
L0160
.0209

0272
L0340
L0440
L0480
L0554
L0632
0746

.0804
.0898

- H

1.390
1.390

1.3%0
1.390
1,390
1.590

1.686

1.802

1,967

2.187

2.388

2,568

2.7190
2.833

2.5%2

L3900
00437
1,390

_:C{'

L00458

L00450

00427
Q0419
L0041
00401
.00332
L00251
Q0203
00157
00112
00078
00061

- .00042

00034

.00028

. _ W C{
CIN)

L0097 4,355 00484
L0412 1,355  ,00477
.0122  4.355% 00462
L0133 1,355 ,00465
L0943 1,355 00442
L0153 4.355 00633
L0162 1,358 00422
L0244 1,578 ,00340
0283 4,654 ,00257
L0357 1,733 .,00247
0435 4,774 . ,00189
L0592 4,788 . .00174
L0590 4.797 .00146
.0672 1,801 .001%158
L0755 4,805 ,00155
L0840 1.810 L0015
L0926 1.814  .00147

 INNER WALL
8 _




TARLE AD4 CONSTANT CORE DIAMETER ANNULAR DTFFUSER HEADS PREDICTION METHOD

NON=DIMENSIOnNAL LENGTH<E7AR9=10.DO .  ENTRY LEMGTH(%!%%: 2.0 HYDRAULIC DIAMETERS
~ AREA RATIO(AR)=2,000. - BLOCKAGE (RY=0,028
INLET RADIUS RATIO=0,833 INLET REYHOLDS HO.(T0/Y)=184092.0
i

NATURALLY DEVELOPED INLET CONPITIONS

o . o I ODUTER WALL INNER WALL
X Ro Ry . U bUfDY Cp z N ol 8 TR C¥ s) N C{
RSL)) (1IN (INY  FT/SEC /SEC ) o (IN) CIN) :
1,000 6,087 5,000 1685 0,0 0,000 0,000 0,000 1,056 |,0230 1,510 00301 |,0225 1,640 00338

2.000 6,174 5,000 157.8 w128,6 0,143 0,913 0,004 1,077 [,0302 1,591 _0nd74 | ,0300 1,528 00306
1,000 6,262 5,000 148,7 109,19 0,257 0,916 0,008 4,100 |.0382 1,655 00233 |.0386 1.595 00257
4,000 6,349 5,000 14114 91,2 0,347 0,%%2 0,012 1,124 |,066%9 1,722 .00201 |,0479 1,645 00223
5 000 6,437 5,000 134,66 77,4 0,420 0,909 0,017 1.150 |, 0561 4,782 00175 |,0580 1,682 ,00200
4,000 6,524 5,000 127,19 66,8 0,480 0,907 0,022 1,476 |.065%9 1,837 00155 |.,0688 1,708 ,00184
7,000 6,612 5,000 124.3 =56,9 0,529 0,904 0,027 1,204 |,0759 1,902 00937 j,0800 41.720 ,00173

&8,000 6,699 5,000 120,2 =49.4 0,570 0,902 0,032 1,232 [(,0861 1,968 _00121 {,0915 1,726 00166
0.600 6,787 5,000 116,6 63,4 0,606 0,900 0,037 1,260 [,0966 2,028 _on107 {,1034 1,730 00960
14,000 6,874 5,000 113,46 «38,2 0,636 0,899 0,042 1,289 [, 1072 2,090 00095 |,1154 1,732 00156




TABLE AS.5

MON=DIMENSIONAL LENGTH(L/AR)= 7,50

AREA RATIO(AR)=2,000
INLET RADIUS RATIC=0,833

CONSTANT CORE DIAMETER ANNULAR DIFFUSER

HEADS PREDICTION METHOD

ENTRY LENGTH(E{%%w 2,0 HYDRAUL!C DIAMETERS

: ]
BLDCK&GE(B)uO 028

INLET REYNOLDS NOQ, (uq{ﬁ) =173945,0

NATURALLY DEVELQPED INLET GONDITIOMS

(1%)

A.500
1,000
1.500
2.000
2.500
3,000
7500
4, 000
4,500
5000
5,500
6,000
6.500
7.000
7.500

Re R b DU/BX

(INY  (IHy  FT/SEC  /SEC

6,058 5,000 163,86 0,0 0,
6,116 5,000 155,5 =~479,2 0,
6,175 5,000 1489 =16u0,4 0,
6,233 5,000 142,9 142,55 0,
6,291 5,000 4137,7 =125,% 0,
6,349 5,000 1334 ~111,4 0,
6. 408 5,000 129.0 =Y8,5%5 0,
b,h%8& 5,000 125.4 w86, 4 0,
6,524 5,000 122,2 73,3 0,
6,583 5,000 119,84  w07.9 0,
6,641 5,000 116,88 ~061,1 0,
6,699 5,000 114,5 w36, 0,
6.758 5,000 112,464 ~21,8 0,
6.86 5,000 410.4& 47,9 0,
6.876 5,000 108.5 mh4 5 0,

b B A _mffidf e H

Q00 0,000 0,000 1,048 [,0210 1,480
102 0,922 0,002 1,062 ].0254 1,544
190 0,925 0,003 1,076 ],0301 1,598
265 0,924 0,005 1,091 },0352 4,651
328 0,920 0O oof 1,109 {.0406 1,710
382 0.917 0,009 4.127 |.0462 41.768
428 0,912 0,012 $,946 |,0520 4,824
L68 0_907 0,n15- 1,168 |,0579 1, 8&93
509 0.900 0,048 4,193 |.0637 1,973
530 0,895 0,022 1,218 },0697 2,051
556 0,8%) 0,025 245 L0757 2 13
580 0,38? 0,028 %, 272 L0819 2 204
601 0.884 0.031 1.300 |.0882 2.274
620 0.882 0,034 1,327 [,0946 2,334
637 0,881 0,037 1,354 |.,1012 2.392

COUTER wALL

Cy

.0n326
L00304
.00268

100238

.0n212
00188
,0n168
L00149
.00130
LRRE
00098
.00086
.00070
L0n067

.00061

INNER WALL
8 ]

(IR

L0190 1,420
L0233 4,485
L0280 1,540
L0331 1,592
L0385 1,634
L0442 1,669
L0502 1,709
L0562 1,719
L0623 4,729
L0684 1_735
L0746 1, 739
LaBOR 1,741
L0873 1.744
L0938 1,746
L1003 1,747

Cs

00348
,00342
,00300
,00266
.00239
.00219
.00202
,00190
,00182
L00476
,00172
,00168
00165
.00162

:00159'




TasLe A.5.6
HON=DIMENSIONAL LEHGTHC(L/ARY)= 5,00

CANSTANT CORE DIAMETER ANNULAR DIFFUSER

AREA‘RATIO(AR)'Z 660

!NLET RAD!US RAT!O 0.833

HEADS PREDICTION METHOD

ENTRY LENGTH(&{%{= 2.0 HYDRAULIC DIAMETERS
t

BLOﬁKAGE(B)=0 028

INLET REYNOLDS. NO,(UD/Y)= 171263 0

NATURALLY hEVELOPEO INLET CONDITIQMS

h,

X
1)

6,500
1,000
1500
2 000
2,500
3.000
3,500
4,000

CIN)

6,088
6,244
6.352
6,444
6,529

6,617
4,705

R U
RS FTISEC

5,000 157.5
ﬁ.ooo 147,90

pU/ DY
/SEC

v
-249

-201
wf6h

Ty
=81

IO
.3
. 3
3
-124,
=405,

4
7

.2
. 2

3

0,000
0,147
0,258

3,345

0,447

0_458»

0,501
0,537

0,000
0,931
0.914
0.901

0,877

0,861
0,852
0,847

0,000

0,002
0 004
0.067
0,042
0,096
0,021
0,025

1,053
1,074
1.102
1.137
1,185
1,236
1,289
1,343

S LD

021

DUTER wALL-

H

0 1,570

L0272 1,667
L0340 4,785

L0461

3 1,953

L0483 2. 171

L0557 2.374

L0633 2 543

07

8 2,688
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FIGURE A5

DIAGRAM OF STRAIGHT-CORE DIFFUSER FLOW
SHOWING NOMENCLATURE USED IN HEADS METHOD
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THOMPSON'S ENTRATNMENT METHOD




THOMPSON 'S ENTRATNMENT METHOD

A.6.1 Application of Thompson's. Emtralnment Method to Internal Axi-~
‘ symmetric Flow

=

Diffuser Flow - Two-Part Velocity Profile

The basic form of Thompson's two—part ve1001ty profile is given in
Chapter 5, Section 5.2.1. The ve1001ty proflle ig presented in terms of
c?ntéurs of (y/6) on H @ 10810Rh axes for fixed values of (%), a typical
example being shown in Fig. A.6.1. Thus for given H and Ré the velocity

‘ pfofile can be built up from some 14 charts for the following fixed values

of (%):

(%) = 0.1, 0.2, 0.3, 0.k, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, 0.98, 0.99, 0.995,

1.000.
In order to genérate a cqmputer program for tﬁe avaluation of annular
diffuser flow, using this velocity profiie rgpresentation, it was neceséary
to curvefit each individual contour. As Fig. A.6.1 shows, the contours
were not in a suitable form and it was found that re~plotting in the form
of H contours on (y/é) % log, Ry 2xes gave a form more amenable to curve
fitting technqiues, as Fig. A.6.2 11lustrates. Thus'éach of' the H contours
for gach Pixed. value of (%) was curvefitted, ﬁsing a fifth order polyndmial
_.representation, and the resulting curvefits formed the basis of a computer
sub-routine for the evaluation of flow in an annular diffuser (denoted
.QUANTITY). The basis of operation of the'spb-routine was as Follows:
Yor specified values of Hb, ﬁi, Ré and Ré. the velocity profiles
were generated by interpolation-betweenothe ouriefits representing the

contour plots at each particuler value of (E-.-' Then, noting that the flow

5
in the outer wall boundary layer (Qb):

Q = 21RudR




| the function R.u. & R was generated in the form of a curvefit, which was
integrated to give the outey wall boundary iayer flow. |
A similar process was carfied out for the inner wallAbouydary layer
flow (Qi), and the totai flow then efaluated by combining QO, Qi, and any

‘potential core contribution.

7 Auxd liary Eqﬁation | o ' p
As shown in Chaptér 5, Section 5.4.1, Thompson's (71)7entrainment
method is based upon the property of intermittency'in the turbulent
boundary layer. |

The flux of turbulent fluid (Q,) in the boundary layer is given thus:

&

o
where y is the intermittency factor i.e. the fraction of time for which
the flow is furbulent at a'particular position, and f is the turbulence
flux thickness.

The rate of increase of turbulent flux is theng

-(m—t-:—c-l-(Ut):v-‘g—(R /6) = v S W
dx d-x dx e' - et ‘oo.

where v€¥-is the overall entrainment rate, defined as the entrainment
velocity Thompson postulated that the overall entrainment rate was proportional
to some suitable scale of defect to the turbulent region (Au).

ThuS 'V"é'_E = (I.eA.u . - ) B - _‘ Ao603

where o, is a 'universal' entrainment constant giving

4 . sy o |
dx(RB} t/o) = % T 5 A6

-

From assumptions of the form of the intermittency distribution etc., (as
detailed in Chapter 5)_Thompsbn was able to construct a family of turbulence.

flux profiles, corresponding to his velocity profile family, and to plot t/6.

S =139 -




~ and 4u/U as a function of R, and H, as shown in Fig. A.6.3.

To_take account of departures from the equilibrium layer it was. then

assumed that: ' | _ R
Ca o 4 A.6.
e =a g6 dx(t/a) | | 2

and equation A.6.4 then took the form

dx | K646

Equation A,6.6 is the basic form of thé auxiliary'equétion in
Thompsoh'slmethod and may be applied, with the momentum integral equatiom,
to the prediction of the bouhdary layer gréwth in an annular diffuser, as
briefly described: | |

Considering the -outer wall. of an annular diffusgr, equation A.6.6 may

"bé written:
dR
o
vi{U 8 dx
ﬁ[ﬁ} = 0 Auo . A.6.7
Ry {1 - Bbﬁ") } . '
o] of , ,

Over a step length dx all parameters are written for the mean

position Sx and, for a given value of —= _@_{E_ is predicted Thus
' 2 i dx * dx Lo o ST
~the value of [g} at the upstream station is found, from which, through

8] , . .
Eig. A.6.3 (loglo % ﬂalog1ORB, H contours ), it is possible to find the

downstream value of Ho' A similar process is carried for the inner wall,

and continuity then checked uséﬁg the QUANTITY sub-routine, If necessary

dR
au . eo 03 s s
the values. of — 1i.e. 3 ' g and the mean position parameters are

dx

re-estimated and iteration continued until.aantinuity of flow in the

diffuser is satisfied.

- 140 ;




A.6.2 Theoretical Predictions =~ Computer Program Qutput




CTARLE ABD

 NON-DIMENSIONAL LENGTHC(L/ARY=10.00

T U XNLET RADIUS RATIO=0 833

AREA RATIOCARY=2.000

CONSTANT CORE DIAMETER ANNULAR DIFFUSER

runmpSONSJPnsolctlon‘METHoo,mmﬂnw'wu_m

| HH‘ENTRY‘LENGTH(%;D%H 2.0 WYDRAULIC DYAMETERS . . . .

" NATURALLY DEVELOPED INLET CONMITIONS

aLocuaeté[md.oza_ e e e
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9.000 50 %04 49 000 146,64 =458 0_e0s  0.832 0.000 0.000 1 .1081 41.995 _00106 |[.1085 4.951 ,00116

T [ 10,000 51,004 49,000 13,3  «37.7 0,62 0,834 0.000 0.000 1209 2_040 00091 [.1192 2.000 ,00099




" NON=pIMENS10MAL MEAN VELOAITY PROFILES

TABLE A.6.1 pONT

o \ Wis 0.000 0,100 0.200 3.300 0,400 (500 0,600 0.700 0.800 6.900 0.950 0,980 0.990 0.995 1.000
,X=MJ,00!N ;(R“R\1NQ- 0.000 v.901 D,06N2 ©.002 0.004 0.009 0,021 0.043 0.074 0.412 0.136 0.157 0.171 0.176 0,198
R Str=RpTNS= 0.000 0,001 0,001 0.002 0,003 9.007 0,045 0,033 0.064 0,111 0.143 0,172° 0,491 0,197 0,226

oo

e U/tiz 0.000 0,100 0,200 ¢.%00 0.400 0.500 0,600 0.700 0.800 0.900 0.950 0,980 0.990 0,995 1,000
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T u/us 0.000.0,100 0.200 0.300 0.400 0.500 0,600 0.700 0.860.0.900 0.950 0.980 0.990 0,995 1,000
X= 4. 001N, tRyFRYTNS2 0:000.6.072 0.003 6.006 0.016 0.047 0,000 0.137 0.184 0.233 0.264 0,296 0.345 0.328 0,355
e CRERDTNES 0.0006.0,001 0,003 £.005.0.010 0.029 0.048 0.119 0.174 0,232 0.267 0.306 0.327 0.340 0.373
T ugue 0,000 0,100 0.200 6.300 0.400 0.500 0.600 0.700 0.800 0.900 0.950 0.980 0.990 0.995 1,000
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TABLE AB1  cONy,  NoN~DIMENSIONAL MEAN VELOCITY PROSILES
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CTABLE AB27 GONT - NON~DIMENSIONAL MEAN VELOGITY PROFILES
TARLE Abg CONT - oo o NO |
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FIGURE A.6.2

THOMPSON(73) —VELOCITY PROFILE CHART(RE-PUNTED FORM})
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APPENDIX 7

DIFFUSER INTERNAL FLOW DEVELOPMENT UNDER
NATURALLY DEVELOPED INFLOW CONDITIONS
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FIGURE A.7.2

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER

CLAUSER(15)  L/AR;=100 ; L./D =20 , B,=0028
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FIGURE A.7.3

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER
CLAUSER(15) L/AR =100 ‘Le/Dh1=2.0 ; B, =0028
NATURALLY DEVELOPED INLET CONDITIONS

INNER WALL




e e e — Srm e L T RS ST e el " - }
e s b e — dJ_J.__.._. U L AV RUS ; '. 1‘

TRALT D3NS U042 U0
TTTgT30070p30 | L6255 T
TTo eS80 0,075 L6324

445D 0 AR5 | 0402
2,150 0,245 | . 0483

277000 70,270 T0542L
737000 0,3707) 07467

4700 05a70”'"0584’

5600 0,590 |.4764

C7vel 6.770 | Lwéo0”

9’850 0.985 L2395

C 33 750 4,375 1 2103

1?7 500 1,750 | .1302
217250 2,125 | 1068

0130~
L0216
L0263
L0313
0345
0NA3T

L0374 Y,
L 037,
LohaRT Y
L0538 1.
T o580 Y

‘“{0725 1.
.0523  ,0859 1
L0662 1077 17

.0852"f{136¢;‘1

L4195

L1288 .2123

L1224

L0856

) _n._l-..am

10376181 1.

2006
.633
s 476
:268 -

B : ’ ) - ' i et '__.__.._..T_..; .w.,.._-J

T TP TTYABLE A7T 77T T TCONSTANT CORE BDIAMETER ANNULAR DYFFUSER T - T f"f_ ;”““““ S T

a . A | , i

NON=DIMENSTONAL LENGTHIL/ARI®TO 00 ENTRY LENGTH(LI%%' 2.0 uvnnAuLxc DIAMETERS R

AREARATIO(ARY®#2.000" ™™ “"“'BLOEan!(Ba-U”Gza T T o

. . |

'YNIET“%#EIUS'RATIUiU"BSS““ﬁﬁ“ INLET nEngLps NO. (TDy9y» 184099 T

- | ‘ e ] :

. NATDRAILV nEVELOPED INLET connl?lans N o .- T SRS MR

_ - B “‘”“GUTER WALE “‘ !uNER uALL T T ;”M;;:ﬁ

T e e ‘1 " N i T R N T T mmem e - - T T S T T T T e = e B T T e e e e '. i

o ” X TN | TRt g _sffMM;ﬁplnjiFiif.MM;STTf"”TE“" B L N
T AN | CINY  C(IN) {IN) L arnNy Ny tlnx‘____~_w___wv_w“ N B

384 1,758 |, 0933 L0097 0172 17 371 Lo

420771745 1025 L0184 U032, 1. %64 T._76%

5027 71,720 insfs_ L0222 0388 T v 48 Aysy T T
529 1,701 |.0390 .0262 0450 1.488 1,714
L5645 f“69zj L0481 L0340 0542  1.811 1.702
TSP iL682 10570 L0365 L0694 1 8427 1.68%
639 1,659 |_0?10 ';0a421m?0738”'1;so7'“1 670
"690”'1.643 ;0933".osss_“t091s“'11530“”1161a -

759 7
879

1,628
1.508
1.575
1.64L9
1.708
1.819

0702
L0959
L1160

L1202
L1688
2162
L2525
.1858
L1388

LhasE
L1583
1859
L6588 L 2%48
1265 L2172
J1004  AT70

1,711 166 T
761 1.4%0
866771802
742 1.626
Y IR T S
382 7

1,762

PP ey




I TABLE AT72 T CONSTANT CORE DIAMETER ANNULAR DIFFUSER T o - -
“““““ . iﬁ@ﬁ;ﬁlﬁﬂﬁi@lkui.E.HF_I_ﬁ_f,.L/A.B,"10-00 : L ENTRY LENGTH(LS }g“: 220 HYDRAULIC DIAMETERS
TAREATRATIO(AR) #2000 T BLOCKAGEYBY®0, 028" )
: INUET RADIUS RATIOR0, 333”““‘“‘“’“1“‘57 REYNAUDS 'NO_ tubﬁhnaaon ST T
NATURALLY DEVELOPED INLET CONDITIONS - —
S XN T WY T T e BT OUTER MARL TNNER WARE | R
USRI | ,_”),__m_‘,‘___,.,_,,_,_.“ F -u-—-w--F;T e = v st [ e ~ ko e ot et et it e . .
SR ¢ L.} AL T A )1 SRS I P B PN I S
- 3 147 0,315 | 177,66 972 A1459 4,019 A 007 | 972 4 CHR- oy
B 0. 300 0,030 [177.28 951 41,505 1,034 1,013 | 1698.3 | 17352 T B
T 0750 0,075 | 16961 ,240 41,026 1.047 41.018 19484 | 20007 T T
] 1,430 0,143 | 165,24 930 A1,516 4.058 1.02¢ | 22885 | 2284 4 Ty T
- 2450 0.215 | 156,33  .919 41,649 1,068 4.026 | 2606 .4 | 26839 | T e
o 2700 0,270 | 159.50 910 41,785 1,079 _“__.029 27828 1TTTRe4b . f T
3:7007 0,370 (143,637,892 Th1.646 A, 4007 1037 | 334405 3382.0 | -
B 4700 0.470 "1’35’;_14_ .872 " 449,378 _1.‘12?____1 04T | 3766.6 | e p | T Ty
o 5900 0.590 }130.64 844 42,009 1,159 1,089 L8078 L889,2 1 o 3
) 7700 0,770 [ 122.90 804 42,145 1,213 A 078 1 55759 4279.% R
97350 0.985 |115.72  .753 742.007 1.292 1.104 | 7366.1 7184,% o |
137750 1,375 | 109,83 .756 40.346 4 L2007 1,069 | 7535.9 6514.0 | - .
17.500 1,750 | 103,92 .805 40,649 4,109 4,038 6759 .4 7002, ) N |
o 21.250 2,125 | 98.35 872 41,644 1.031 1.018 4483.8 5262.8 | " ; . .
: —




0006

TURBULENT SHEAR STRESS DISTRIBUTION  L/AR=100 80028 Rz 165x10°
! E OU;ER WA‘LL ? ’ ! t INNEFi WALLE
‘ i ! symbol} X/N ] i |
e 0315
e 0030 §
A 10100 *
A 0225
e
X 0325%
© 0425
7 0545 -
\{ 0725

7LV 3HNSld




TURBULENCE (NTENSITY DISTRIBUTION L/AR=10.0 B,=0028 R, =165x 10
Ph,
i ! r ! ! r ¥ T T 7 Jr
OQUTER WALL ' ! * ; INNER WALL |
Ji | [ symbot| X/N |
Lk ‘d - - L . { . — ey

’ 0315
0030

0.100

0225

0.325

0425

0545

0725

03 04 05 05

SV JHNDIS




TanLE AZ3 . CONSTANT CORE DIAMETER ANNULAR DIFFUSER
CATTARY 0,00 (/D 9% 2,0 . (ARYR2/000 . (a;ao.n28 ‘§.:uLE%”ﬁsvﬁnLDsfmu.(inm45n163500.0
] TsTRIR& 30147 X/N=0,315  GREEN POSITIONR). Hom1.380 K m1.372 S,= 0142" .502.0153" u=157,91F7/gEC
T NATURALLY DEVELORED INLET CONDITIONS | | |
. OUTER WALL _ | INNER WALL
N ReR. - Re@i o - .  Sw! I5 £, _?_*_ ReR ReR .. W4 Wl . f_u? £ e
(YN} Rem, U % u | USe, .o ool CINY ReR U uz v uely ., 9.
0:n50 . 950 . .398 __,00032 . .041 _00cs 0.3 10 030 ,030 .837 00069 .050 0130 0.494
0,060,040 ..,230...,00032 .. 034 . 0077 0,430 107040 .040 _.B77 100070 _.047 _.0141 0.532
.| 0lo70 930 .,957 00023 ,027 0060 0,453 {0,050 ,050 .010 00062 ,041 _ 0143 0,576
07080 7620 . ,977 . ..00009 _.020 0039 0.¢10 {07040 .060 ..038 ‘00044 .033 _.0124 0,585
0709C 00 _,989 _,00005. ,013 0032 0.463 )0,070 ,070 . .962 00027 ,024 0096 0,582
.| .0%100. [9p0._.997..,D0003 . .00 . 0060 1.037 {0,080 .,080 .,9R% . 0004%..,015 __ 0046 0,576 .. .
. 0,000,000 ,000-.-,00000..,060..,0000..0,000 10,090 ..,090 ,6%92 .. 000058 ..010. L0047 0.636. .. ..
. 0,600,000 .,000....,00000 . ,000 " .0000. 0,000 {0,100 .,100. .99 00002 .008 ..0046 1.4%4 .
- ¥ . . ‘n . . ..
RREYHO'MS STRESS. INTEGRAL(J)m [00007099IN 'REYNOLDS STRESS INTEGRAL(JY=: .000026921N
| . nISSIPATION INTEGRAL(DI® 0,000256 . ... _DISSIPATION !NTEGRAL(@)H 0.000377 _,
5 o
@RS IR T : e )
. o I — - . g — - -




(C7aR) =40, 00 -(Lgbh)= 2,0

(ARY=2.000

(p)=0.023 - INLET REYNOLDS MNO.(UD/+)=143500.0
sti, X=r.0.300" xlv =0,030 GREEN ROSITION(2) H, 814 418  H; n1 366 S = 0257 § m. 0248" Um158,34FT/SEC

#NATURALLV PEVELOPED INLET Paunlvrnns

TanLE A74 CONSTANT CORE PIAMETER ANRULAR DIFFUSER o T, : A

OUTER WALL
p‘R ) R 13 - we .
(IHY  RmR. oo ur

926- L5975 . 694 . ,0013°
ndG 965 7853 ....00447
046 955 798 00100
ns6 045 828 20090
N6 936 353 00082
nvé ... 926 875___.,00074
086 916 . 897..,00067
Jo9d . 904  ,917 ..., 00059
07706 "aor .35 09050
SR 0.416 387 951 00041
e | 00126 JBT7 . 4965 . .00032
e b 0,136 (B67 976 00020

meee | 02166 858,988 . ,00014
0,156 . (848 . .900 _,0000%
0.166 _"838 ,0994 00007
07176 828 ,598. .00005
1 0,186 819 _ ,999 00004

OOOOC"'-’JOO

0a .0078
06 L0101
0so 0144
L0854 0147
L5 _pr122
049 0127
D46 0131
44 0122
044 0it0
,038 0145
.036 _po9s
L8032 L0072
028 0040
024 .p052
420 a
016 L0074
042 .0344

REVYHO DS STRESRS INTEGRAL(JY® [00N0288481IN
DISSIPATION ITMTEGRAL(D)= 0.000453

INNER WALL
RwR: RBmR; L w ot £
(IN)  RaR, U s I TS % e

L}

o

0,020 .019 682 00184 ,070 0115 0.267
0,030,029 734 00166 .0&6 0149 0,366
0040 039 775 T0014& (04T 0163 0,640
0.080 049 ,808 00134 089 0177 p.48%
0,060 .0658 ,83%% 00148 ,085 .01ARS 0,546
07070 068 .859 00008 ,L051 0176  0.561
0,080 . ,078 .881 _"000RS 047 0172 0,589
0.000 088 .901 00076 042 .01764 0.634
0,100 097 .924 00065 ,038 0157 @, 618
0.110 107 .940 00058 .03%34 0124 0,538
0,420 117 ..9%6 .0004LR Q%0 .n1a4 0,659
D.130 .127 .063 GOO3IR 026 .0135 0,691
0.940 ,4936 _.978 . 00028 .022 0120 0,717
0,186 .,1646 ,984 60021 ,018..,0113 0,780
0,160 .156 .090 -.00G14 014 _.0400 0,856
0,176 .166 .99%5 00008 011 0095 - 1.042
0,180 ,175 .098 00004 009 .0114 1.710

REYNOLDS STRFSS INTEGRAL{J)E= _0000B4161IN
DISSIPATION INTRGRAL(D)= 0.000423




TaptE ATS
 (L/AR)=10 Oﬂ
'rﬂ,wxai1.non 'k/u=o 100

tg{n 3-\2 O

;ZCOHSTANT coas BIAMETER ANNULAR DIFFUSER . .

f”iNLsfﬂasvuaLng‘ﬂc.caggv;ﬁisssod.o
§i #0353

 (aR)=2000 . (nys0,028

GREEN POSITIOND) H, =1‘477 i =t 395 50210390

NATURALLY DEVELOPED . INLET CﬁNnITIONS

Um148,34FT/8EC

_OUTER HALL

u

———

U

OB
740
V775
304
333
, 859
381
901

18
931
OA2

L L R

658
GAH
1972
977
981
R
80

[N
u*

G0157
00141
L0422
80400
ghoug
.. 00p65
06051 .
000463
Q0034

.- 00027

00022
00046 .
00016
00015
, 20012
60010
00008
20006
00004

=

i

077
073
049
065
041
“S?k
053 .
048
0dh

Q40

034
032
WD)
0264
023
020

3
ues

N0
n024

10094

0GcR2

. 0076

L0071
_00A4
L0058
'0058
00hA
nos8
(058
pQEo
. 006
.0053
.nﬂ54
QﬁS?
0Qss

L0056

044
058

083

L1490
L8
129
138
147
156
L1685
75
.184

L]

&1 4
444
708
74%
778
A4
B32
a4s85
874
892
Sn?
g22
%8
QLA
Ll
QAY
57%
078
981

INNER UALL

U.U‘

U

0n1ee
00194
.00184
00144
00145
03128
L 00114
L 00096
000&3
00&67
S00087
L0004%
00016
.00027
.00021
.GOOWS
. 00040
00004
00004

u(

u

078
D73
0?2
049
044
040
086
051
04?7
042
G633
333
. 029
G025
021
017
01%
P40
a09

_E_
uS‘f;b
009%
f122
01314
0134
0132
0128
0140
0124
0430
06112
01083
0091
o078
0nae
L0060
L0050
onss
0029
o0




coTY.

CREYNOVRS STRESS INTEGRALCIm T00040795IH

pISIpPATION INTEGRAL(@): 0.000547

TAanLE A5

S e LOUTER WALL ., . S ... INNER WALL

RgR . ReR; & G BES e L | ReRp ReRiow o oww. {® e 2

(TIN) . Rery U WF L w UEE e L (e ReR U Ut U MeE S,
0238 )7814 . .992 7 ..00003 .010 .0055 0.99¢ [0Q,240 .193 983 060004 .008 _0o005 0,190
07248 0772 _,995 . ,00002 L0090 Q048 1.100 } O 220 _,202 ,98% 00000 .,007 . .000OO 0.000

167288 7472 997 _.,006001 008 _003%4, 1.210 L0 220  .211  .e87 00000 .006 0000 0,000

0,268 734 ,99%  ,00000 067 0028 1,880 3 0 D40 221 ,98% 000560 ,004  .0000 0,000
000 J006 L0000 . LO6000- 000 L0000 0.000 70,280 .230. .99%1 T00000 ,005 0005 0,000
0000 . G00 ., 000 . ,00000 060 . .0000 0.000] 0,260 .239 .92 00000 .005. 0000 0,000
0.000 . 200,000 ., 00600 000 .. .0000 0.000] 0,270 .248 ,99% 00000 .005 .0000 0,000
0 000 ., 000 . .000 ._.00000 _.000 ._0000 .0.000 | 0,280 ..257 .904 00000 .005 .0000 0,000
6600 . 000 L000 00000 000 To0006 0.000 ]| C.200 ,267 ,993 00000 ,00% 0000 0,000
07a00 _TnGo. .,000. . _..00009. 000 o000 0.0001|0.300 .276 .896. 00000 .005 0000 0,000

_ REYNOLDS STRESS INTEGRAL{J)=3 00001257IN
DISSTPATION INTRGRAL(D)= 0.000740




TanLE A7.6 . CONSTAHT CORE pIAMETER ANNULAR DIFFUSER
(C78R)=10,00. .(L/D, }5. 2,0 (ARY=2,000 .  (B)®0.028 INLET REYNOLDS NO.(TD/9)=148500.0
SYN. Xs: 2.280° X/N=0,225 GREEN pASITION(2) Ho 514 . 556 Ha=1:515 S{ifosadﬂ gif;ossf’ Un135,97FT/SEC
. - ‘ . )
N _ NATURALLY DEVELOPED INLET CONDITYONS .. L
R _ ’ ouT=R WALL , . . INNER WALL . _
e | R Repj . _4. u:f __E_" £ E*_ RaR; RmR; . _4& W« P _E_ E*
(1M wa;n,m O SR S T A S £} RfR}”_ ... u* U USLD %12
N WYY 061_m.593“m".001?9”m;osom_Zooes.”o;zas 07020 ..017 ..530 "00146 .078. .00%5 0,144 .
| 0 n8T 980 625 . 150174 .084___0000 0.216 |07030 . ..625 .548 .“00171 .07 _.0092 0.223
0,667 944 . ,657...,00168 .,082 ..0088 .0.214 (0,040 033 .600 . 00185 .079: Tp120 0,280
07077 636, 690 .,00161 031 0087 0.213 |0,050 ,042 . .626 00180 077 .01%33 0.316
0087 927 719 ., 00153 080 L0094 0,241 0040 _,050 ..455 .0019?, 076 0138 0,310
e | 0097 910 747 00147, ,078 0051 _0.238 (0,070 _,G58 _.681. . 00197 . .076...0128 0,289
. o_qn?.ﬂ "044__.772 __ .G0138 _.075 _.0060 0.243 |0.080 . .067 .709 o048 .072 .0143 0.322
€417 ..802 .,798 .. ,06129 . 072 . 0088 0.245 0,090 075 .,736 700192 L,070.. 0434 0.305. .
0 427 J80a .820.. ,00418 .08 0086 0,250 [0_400 - .084 . .,761 _0048% 048 .. 0133 0.322
00137 0834 841 ._,00903 044 0078 0 268 |0.440 992 _.7Ré 00173 ,065. .01%0 0.313
0147 . 877 . .864 00083 . .044 _ 0068 0,238 10,120 100 .812 00158 .062. _0117 0,297 . |
. 0 457 _.86% .,880....,00063 _,056 .. 0062. 0,246. {0,130 ,109 __ 834 L0028 059 . 0096 0,270 . ).
w0167 L0860 . 897 ..., 00043 . (083 0049 0 233 10 140  .,117. .860. ,00104...054 . _00R9 0,276
I R T 52A..913.M_,00030_..048,.-003aw.o 219 {0,180 425 _.882 00082 ,050 ,0075 0.280
0 187 _ 84t 026 000206 044 0030 0,205 |0./140 _,134 . ,904 ,anosa 046 0066 0,260
0,197 . 833 ,938 . ,00014 040 0023 6.197 {0,470 142  .924 00048 041 0059 0, 268
] 0207 TRy 949 00010 036 .pG17. 0,207 |0,180 .150 .933 00037 ,036 0058 0,302
1 017  8t9 .87 .00008 _.032 .00'7. 0.207 ° |0.%90 .159 ,050 00026 .031. .0DS%Y. 0.318 .
| o227 "S10 .962. . .00005. .028 ..0013. 0.195. [0.200 .147 .957 00047 .026 .0042 0,320 _




TARLE AT7.6 CONT.
- LOUTER WALL ; , L INNER WALL S

RaR  RwRi W .. . Wi [ € ReR, RRR; .. % TR [ AR - o

CTHY . ReR,. U P u s, Sogn (LN RmR U U= U Usy, ..
0.2x7 /802 ,967 __.,00003 025 0009 0.1%0°10.290 175 944 J00042 ,027 ,003s 0,358
0,247 [7€4 971 .0.,00003 022 L0009 0,.204:( 0,220 184 . .06% 00067 ,018 0031, 0,355°
0287 ™85 .75 ,00002 . ,018 ,qnav 0,195° | 0,230 192 ,075 00003 ,015 0020 0,360
0. 267 _?77 078 ©,00001 L0195 0005 0,175 | 0,240 ,201 .980 00002 (012 0015 Q.36s
0.277 T69 - ,934 006001 ,013 0005 0,181 | 6,280 ,209 984 00002 .010 .0018 0,386
0°787 740 . .984. . ,00000 .00 .0003 0.187 |0 260 .217 .987 00001 .009 0010 . 0,284
0. 207 752 ,986 . ,00000 .0n08 0000 0.000 | 0,270 .226 ..990 00001 007 .~ .0no0s _ 0,280
0307 . .744 ...988... ,00000 ..008 0000 0.0001]C.280 . .234 .692 To00001. .006 .0008 0,280
0.317 . .735 .98%  ,00000 007 0001 0.071 0.200 .242 .965 “00000 .006 Jp0ne  0.000
0.327 . .727 091 . 00000 L0088 . 0000 0.050 {0,360 .,251 . ,997. ..°.00000 . .005 .0000 0,000
0337 718. .993  ,00000 .00& 0000 0.000 | 0,000 .000. .000 .000000 ,000 L0000 0.000
0.%67 _T740. 005 ,00000. ,004 0000 0.000 ] 0.000. .000 .0060 60000 ,000 .0000 0,000

REVHOI'DS STRESS INTEGRAL{I)® [000559601H REYNOLDS STRESS INTEGRAL(JY= .D00147791IN

 bISsrPATION IMTEGRAL(g)n-O;OOO?OA

BISSIPATION INTRARAL(DYIR 0.000844
2 .




"fTAéLEWA.T7ﬂ:fﬂilfQQQSTANT CORE DIAMETER ANNULAR DIFFUSER

C(TTeRIE0,000 . (Lyn,dE 2,0 . (aRd=2.000 . (R)*0.028 - . INLET REVNOLDS. NO.(wn/v)=163500.0

CSTR. X%3,2500 X/N=0,325 GREEN POSITION2) K, m1.445 W =1,406 § =l0766  §(=.0774 u=128,82F7/SEC

 MATURALLY PEVELOPED INLET CONDITIONS

. _oureEmr WAULL : , o INNER WALL o
 ReR _ Remi W G &= £ ‘mﬁb R-R; BmR; w o Gl e _t
COCEN) L RmR: L LU The u Wes,, S, f LEINd RmR; -V S U u usn, SN,
02074 S42. 0,587 .. 00186 086 .00%6 0.222 [0.020 ,0%6 . .425 00141 066 0028 0,074
- 0. 0B84.. 835..,613....,60185 086, [00%2 0,213 10,030 023 477 00163 070 L0047 0116 .
L0094 927 640, ,00183 086 0092 0.214 [0,040 031 _.%517 00180  ,072 0042 0,147
00104 999 465 ., 00134 085 0094 0,220 {0,050 039 . ,552.. 700188 ,074 0074 0.470.
S04 U TOM . .69 .., 00182 034 .. 0005 . 0.222 (0,040 047 583 700193 ,074 0089 0,201
L0724 Lon% L, 715, .., 00176 ., 082 004 0,228 {6,070 L0585 . .409 . 709498 073 0905 0,235 ..
0434 RC&.., 730 .. 00168 D79 _a0A7 0.213 [G,080 G682 (432 .T00992. ,072 0111 0,253
046 B8R . 765 . ,0G154 . ,077 0086 0.204 1G,090 070 .54 00492 071 0113 0,258
4.-07484 880  .790.. 00142 .07% L0076 0.203 ;0,100 ,078  ,474  [001B& L0649 0106 N, 247
L0 Gh . TRT2 814 L. L 00434 . 072 L0073 0.200 10110 086,499 00179 047 0103 0,244
0TATL (884 . 837 . .. 00117 ..048 _.p066 0.492 |0420 093 _.724 00170 _.043 _.0100 0,243
L 0laBh 88T L BA0 .., 00104 088 0064 0,197 |0 470 101 . . 74%  T00142 043 0098 0.238
07404 . A49 _,880.._, 00087 __,0480 ..0063 0.292 }0,440 ,109 745 00152 L0841 0088 0,223
o 0T20b . U341 . . 597 .., 00074 L0856 ..,0081 .0.223 10,450 . . 417 .. 7&8% 6014t L0858 0078 0,207 _. .
102214 I833 912 _.00065 L0353 _00s8 0.227)06.160 ,125 .812 00127 ,0585 0075 0,211
plo2k U326 .925 . ,00033 ..,049 0052, 0,225 [0.470 ;432 832 00443 L0582 0075 0,223
07234 U318 .9386 ¢ 00043 045 0047 0.224 (0180 140 851 00096 049 0067 0,217
0 244 840 946 .. 000353 041 . .6042. . 0224 {0,400 148 869 00082 045 0063 0,225
G. 7284 802. 954 L00029 037 0040, 0,233 10200 .156 .884. .H00A3 L0471 .0056. 0,221




llllllIIlllllIIIIlIIIllIlllllI!l-lll---l-l!lllll!.--—-.-ff--'ﬁ-'fff"'-"fh

TanLe A7

CONT. .

CTH) Reedts

0:p6bk 704

Nlp7h . TRY

0.2k 1779
6 peb 7T
0 304 76%

0,314 758

0 424 748

L 0.%3& ., Tho
0.204 -?T,?

0,854 724
2 %44 717 .

0374 _.TOS

6 noC 000

27600 (000
D.p0é 000
¢.a00 000
0. 000 000

0,000 000
- 0.0600..,000..
0,00 . 000

[

000 .

-+ 00000

T
U5,

. -OUTER WALL -
W e S €
u ur {
W62 . 00023 033 003
968 .., 00017 . ,030 . .0030.
073 L0004%1 028 _qO22.
078 00007 0,022 . 00s.
083 00004 L0128 0013
686 ., 00002 015 0009
ORG 00009 L0493 _pdos
2.992. . .00000 911 . oGoz
6894 00000 LG40 000D
W996 L, 00000. . 0u% L0060
L0098  ,00000 068 .0000
000 00000 1,008 L0000
L0000 . .0¢009 a0 0300
L 000 . L 06000 030 . 0000
w000 _,00000 060 L0000
000 ,%0000 Q00 0000
L0000 . L006000 050 L0000
L000. ., 60000 000 L0000
000....,200600 . L0060 .,0000 .
060 0000 .

SO ODOCD
[N
=

REVHOI'DS STRESS THTEGRAL(UIE _0005B660IN

NISSIPATION iHTEGRRL(%)s 0.000739

CYNNER WALL

¢rny RoR; D 0y U e S
0:210 .164 .BAO 00050 .037 0043 0.216

¢.220 171 ..%14  T000%6 033 0040 0,213
0,230  ,179 022 00022 ,028 0039 0.195
0,260 987 ,932 00011  ,024 0016 0,158
C.2s0 185 o422 00008 ,020 ,0009 0,123
0,260 202 _,950 .o0002  .017 _Doos 0,108
0,270,210 .¢57 o000t 014 0002 0,092
0.280 ..218 ,94% 00004  ,0%2 0002 0,107
0,200 ,224 ,u6&8 000ND ,010 .Dp0O 0,000
0.300 .234 .07% 00000 _.009 00060 0,000
0,340 241 .977 00000 .0C08 ,0op0d0O 0,000

0.326 .249 ,e79 00000 L0007 .00nt 0.039

0.3%3¢  .257 .081 00000 206 .0000 0,000
0.340 ,265 083 00000 .006 .0000 0,000
0.350 273 .984 ad000 ,006 0000 0,000
¢.260 280 L.9R& J0N0O6 .00& .0nOD 0,000
0,370 288 _.9&7 100000 ,006 .0Nn00 0,000

10,380 .294 .ea% 80000 .004 000D 0.000

0.390 .304 .090 00000 .006 .,0000 .0.000
0.400 312 .991 00000 ,057 0000 0.000

REYNOLDS STRESS INTEGRAL(J)= .D000P3241N
 DISSIPATION iuvssngttg)c 0.000947




rArtE A7.8 . COHSTANT CORE DIAMETER ANNULAm DIFFUSER.
<E2&ap;10.dn;L;filgnhg;'2.0 A a2.000 (320,028 . znué+-n£vwoan¢-uo (Em{f)=163500.0 o

h;;f:)”éf@ffxalh.zsofkawsb 425 GREEN pOSITIOND) Hom1.694 ;=1 AS7 "Sog p&as " §X 20913 " Ua122.90FT/SEC

.} .. MATURALLY DEVELOPED INLET CONMITIONS _i'_ L ‘ S -
(. - ) -

1. .. _OuTER WALL _‘.',‘ L | R . INNER WALL o

- - - A=R CRmRG R _gt’_ﬁ:' . J:—‘ . _& g 1. ReR;.R=R; _U:, L uer E I - ..9__

e [ CTRY L ReRy U u“.”“ 0 uSﬁw .| C(INY RpR. U R v sy, Sio

L2181 0,020 ..015 .. 424 00178 076 0073 0,176
J231 0.040 ..029.. 470 [0020% ..078 0098 0.216 ..
.226 | 0,060 044 .548 00221 ..079% 0105 0,226

.232 [ 0,080 .058 _..562 ._00231  .0B0 ..0%10 0,229
L2291 0,100 073,409 00239 ,080 0114 0,233 \
.229 | 0,120 ,087 452 .n023% 078 0112 0,231 . .
L2271 [ 0,140 402 700 00230 ,076 0109 0,228

. 0,160 117 ,7¢3 00215 073 0112 0.242
L204 10,180 .131 .78%8 00187 ,068 0098 0,226

L2221 0,200 _.146 827 00183 . .042 0086 0,219
L2091 0,220 .160 . .862 - 00116 . .054 ..0080 0.234

‘ .202 | 0240 175 ., 892 00087 . .044 0070 0.23% . __
0. 202 787 &8, .00021...034 0028 190 | 6,260  .190 ..616 060043 ..035 ..0060 0,239
o dorz42 lvrz o_.981 . 00008 027 L0016 0,170 [ G, 280 ., 204 039 00046 ,023 _.0048 0,224

1 07%32 7758 989 _ ,00005 .024 0004 0.205 | 0,300 ,219 ,956 .000%3 ,022 0050 0,223
0,252 743 993 006003 .044 0015 0.276 | 0,320 233 947 _40022 017 o0as 0,228
07272 “Pae ,007  .d0062 .013 o014 0.395 | 0,340 .248 .978 .00014 011 0028 0,236
0.302 794,090 . .,00600% ..010. 0020 0.553 | 0.340 262 .685 00007 ...008. .0017 0,211,

0 000 000 -,000 .. 006000 .,000 0000 0.000)G,.380 ,277 ,9%1 [00004 Q06 0012 0.203

e 00827662 (495 00217 086 30101
S 0:072.;‘9A8.“,541MW“ 00226 .08?4~.0110
0 602 Texz  ,595 00227 088 0108
... | el112. 91a. (640 .06218 .038 0108
............. 0.4%2. 004 _,685 _.,00207 ,086 0104
e ] 0482 . BRe.., 729, 00101 L .0R4 0100
| oez Cors 772006169 .,08G 0091
6,102, 860 ..314....,00146_ 0786 0079
ce. 10282 B45 854 00122 L0469 . a0™
.1 0232 831 ,8389....,00104 043 072
0.252 814. ,921....,00074 055 . 0087
0 272,302 .,546._.,00044 a8 o042

SOOI DD DD D
N
fon ]
o




TARLE AT8 | ¢o

Wil o

 RgR. . ReRi . W

[,

LOINY L ReR U

0008 000,000
0.600_ 000 _.000

0.000 _,000.. 000

COUTER WALL -

TCANT
.00000 000
C L 00060 000

W & e 4

w *
sy ST,

T p000 0,000
. .0080 01000
0000 0.060

0.400 ,292

0,420 306

0,440

.995 700002 .005
L9907 00001 .. ,005

O yNNER WALL T
w oam . Jat T e e

—— e e—— C e m—

wr U .u usy sy
: -3, D

L0008 0,199
- ..0008 0,253
990 00001 (005 0017  0.631

| REYHOVHS sTRESS INTEGRAL{J)® " 000275301N

BISSIPATION INTEGRAL(DY= 0.001020
' 2

~ REYNOLDS STRESS INTEGRALCJ)m .00010887IN
 DISSIPATION INTEGRAL(D)=.0.001148
2 .

- e T




=

TarLEAZS

;¢t7daaéiojohllii?@;nm5g 2,0

—STM

2n

480" X}Qeo}SAB

NATURALuY PEVELOPED INLET PONDI?InN%

CAR)=2.000

GREEN p0qiTtoM2)7

(B)uo 028

HO ﬂ’l |?51

..... .'1NL§+{REvnoLbé7ﬂn.(aq4v5=163500.0 e

;=1 272 . &

CONSTANT CORE DIAMETER ANNULAR DIFFUSER . .

2741677 §7m,1163" Ua116.69FT/SEC

coooo¢ooooobbooeooo‘

~R R
(1N>mw

7207
J317
%37 77
357
377
1z07
AT

057
NiYda™
097 .
A7

"x ™

243

"O4LR . 40T 00?:5.§,

R"QE- Jﬁmnwﬁ, wet
R"R-, . v . o.oour

‘044 _ 454 . . 00226

'Q:Lm..SB?,MH,OOQTS,

L9077 . 619

., 00208

804,687 . ,00295

A7
Y197

217
JP3T
257

380 ... .696 ., 00291

a6 .. P35, 00284,
. L0
086
,079
-0?2

g5z .,772 . .002"1

“oL0 . .004 . .00246
CR24 .. .535 . .00217
84> 864 00174

trog . .391 .. .00125

i7as . .S15...,60073 . .,
j .0#8
40

2 W30 . 0DD3Y

.75&  ,959 . ,00030
L7485 L0977 .0002%

P34 .986.. 00024

TA8 (989 00015

_OUTER WALL

J:TT““

ul

J

L0041
o
a0
orq 8?7 ., 00239
01 L0
oo
008 .

504

fos .

D64
. 0055
L0034
L0030
. 0032

L0033
D EL

0546

L0732
025
017

£
54

2D

0065
0103

L0168
.n124
0127
”;0128_
0128
01°7m
0*!28 .

(0125

Tgrzo.
L0108

08s

R

. 88
Z

-~

0.4%9
. 0.204
0225
.23
0.234
0.236
0.237
0.238
0.247:
0.250"
0.257
0.251
D241

0, 208

0171
0. 172

0.187

9,210

g.220"

p—ﬂ‘
CInY .

0,020 .
0,040 .

0,040
0,080
0.100

0,420 .
0.940 ..
0.140 .,

0,180
0 200

8.220
0,240 .
0;260..
._190._

0,280
0,300
0.320
0.340
0.340
0,380

027'

_ 05&
L 068
,081

103'
Ti22

L35 .

LE9
.62
176

203
L 217
,230
L YA
237

.380 .
BT T
ALY
500

, 534

L8774

612

L h54

892

B TR
822
840 .

8914
945

L9358

90582
9468

974

CINNER WALL

00142 . .

B e . & .
u “S."L-'b 5‘2 -p

L0729
080 ..
083
084
085
L0885 .
L85
LOR4
082
081
078
L0758 .
070
062 -

056
047

030

0%0
024

0085
.0095

0118

L0111

Tov0z
L0102
L0097

0089
l0@79
Q065
0041

10046

0414

L0092
L0099
0089
D086
0096
0094
., 268"

0.06% . .
S0.135 .
6.202 ..

0,241
0.22¢4

0.230
a.21% o

0,209 ..
0,199
0.990 . .
0.493
0.193 ...

0.217 _ .
‘0,233

0,250

H.278

H,272

p,242

mre— —




TARLE.ATZ9 _ conr. .. - )
I _OUTER WALL __ 3 OENNER WAUL - .
R Rmmy W W AW £ ? C ReR; Re=R; . e L dwt e R
(1tH)  kor. W ? 7 TN %o | (INy ReR; U T T
o 2-0 ol . o 2.p 2D
00437 . J704 . ,991 00092 ..012 L0026 020 | 0,400 271 ,979 00008 018 001 0,160
0457 . 6P1 ,9093 .. .,00000 010, 0022 0.234 ) 0,420 ,234 984 00002 014 .. 0006 0,120
0FA7? _ T67p 895 00006 _.008 0020 0.257 | 0,440 _,298 @8R 00000 ,0%1 .000z 0,090
D497 664,996 . 00004 ", 008 0017  0.285 0,440 311 .99z 00000 008 _ 0N00 0,000
G817 650,997 . ,00003 .0o7 0015 0.357) 0,480 .325 ,994 00000 ,006 0000 0,000
0937 . (6346 .993 00002, ,067 002, 0,477} 0,500 ,330 .604 00000 ,006 .. 0000 0,000
0.587 ..,623 _,990 . ,00001 ,0u7 ..0020 0.52%) 0,520 ,%52 .,098 00000 ,005 0000 0.000
0,000 . 600,000 _ ,00000 . ,030. ..0000 .0.000{ 0,540 .366 .990 00000 .005 ..0000 0.000.
REYNOUnS SYRESS INTEGRAL(I) = 000532061INH ~ REYNOLDS STRESS INTEGRAL(JSm .00D1S869IN
.'7nrs§ibA11ﬁn'iﬁ%EsRAﬁtgj# 0,004412 . DISSIPATION INTFGRAL(%}= 0.004324 o

gFo
;




ST,

 TAnLE AT10

\fthaR>=40 00..

x§L7.2a0

_.CONSTANT CORE DIAMETER ANNULAR DIFPUSER

Y SLENE

)UN

0.725

‘“(AR)EZ.OOO“.;

GREEN PASITION2)

cspwo.ozau

'H'aq.91o

. MATURALLV DEVELOPED INLET ccnnIT!st

H; =1 930 S,--1681‘“S R 644"

._.:NLei-nevuoLns[uo;(aogvsn1sssoo;o,"

Us100.31FT/SEC

OUTER WALL

s

ReP . RwRi . W Wl & ¢
EINY L ReRp U T T U s {_D
0 034 1979 ;324 ,00133 _.%09. .. 0035 0.095
,Ofﬂ54ud,967.n.361-;w.00194 . 313 L0085 - 0. 136
0076 055,395, 00237 . .145 .. 0084  0.173
0.0%6 942 ,420. _,00263 11?7 _00%4 0,184
0.11% ..930 461 00283 118 ,009% (_186
0,936,918 . ,495.., 00297 . (118 ...0100 . 0.200
07456 .. /006 528 ..,00303 148 0400 0,193
074 .0, 804 .. 8A0... 00302  147.- 0444 . 0,208
o:iaa-_ 804,592, 00238 114 L0108 0197
0,214  [B&0 _.625 _.,00268 ,114. 0098 0.189
0254 887 _.656 __,00248 . .111. .0004. 0.19D
0,284 . A4S _..689 .__,00230 ., 109 _008% 0.172
0274 1832 _.721 ...,00212 105, 0080 0.A77
0. 204 . '820.-,252-..,00492 -.100 ... 0078 0.477
314 0808 781 00176 065 0048 0141
0334 794 ,813 00160 ,000 0083 0.458
0,334 .?83 JAA? D0143 084 L0084 0,164
0374 771 848 L0128 L0788 0038  0.463
0'%94 7859 ,894 ., 00418 074 0062 0.481

- , :unen WALL L
: P By Rmdi. . o Wl __L_’:: e . &
ey ReRy. U T us§¢ e
0,020 .012 ,28% Tp00&® 077 _.0010 0.040
0,040  .024 242 T0042R 084 _..0N%A 0,087 .
0,060 L0237 384 00184 -,089 . 0084 0.150
0,080 .,04% 416 ._0024%  ,090 . 0094 0,192
0,100 .06t _, 445 00273 .091 _,0%t10 0,212
0,420 . ,073 . 476 00287 ,002 0116 0,217 . ___
0,140 ,086 ,s50% 00300 004 ..0107 0,196 . ..
G.940 -, 098 ...830  T00%0& ..005 ., 0924 0,224 .
0,180 110 _.870 00371 . ,0908 0126 0,226
0,200 L122 ..400. [00%08 _,005 __0%147 0.211
0,220 (138 ,A%2 _T00308 _,003 0121 0,247
10,240 147,465 0 00301 .001 . [0111 0,202 .. .
G.240 159 497 00288 ,0R8 .0106 0,198
0,280 474 730 . [60272..,085 0100 0,192, .
G.300  ,186¢ ,762 00258 L0881 ,00N%A 0.193
0,320 196 797 .002% 07?7 .oN?S  0.158
0,340 (208 .832 00214 .,073 0081 0,176
0,360 . ,220 .868 00188 068 ..0074 0.170.
G.380 ,233 ,80% 00155 .063 0073 0,184

e e g




TaRLE A7I0 T comr.

] oTaeh Té3& (999 L00004 . 009 0028 . 0.438

REYHOTHE STRESS INTEGRAL(J)m _OO3ZR4E7RIN

IS IPATICON IwTEGRAK(%)= 0,004492

o C OUYER WALL |
ReR . R=Ri W .y Rt & 4
(iH) . Remy o U our w0 UG 8,

0 7and UPAY DS 00407 064 0038 0. 478
0 474 T4 ,035 . ,000%9% 057 0061 0.201
C 0484 7Pz _.982 . (00678 050 0038 0,200
0 474 T4 968 00063 044 0031 0,205
0,494 608 ,079 . ,00048 035 0044 0.208
0_514 . 685 036 ,00030 .028 0035 0,203
0.8%24 473,994 . ,000%8 .020 0026 0.194
G554 k64,995  ,000%1 . ,015 0021 0.206
0874 640 997 00007 (091 0021 (.257

| . CINNER WALL
ReR, RmR; = & e odwr e 8
"IN _RwR. { i U TS 1%

A . 1.0 i2.p

06400 245 o4 00123 037 6074 0,203
0 420 257 938 00090 080 . 0030 0.166
0,440 260 .957 00058 .042 0044 0.182
0,440 . 282 070 .[000%% ,0%4 [00%3 0,163
0,480 ,2%4 980 000624 .023 ,0024 0,170
0,500 _,306 _.987 00019 .018 .0027 0,195
0,820  ,318 - .09% 00014 014 0034 0,249
0,540 .330 .,907 00012 .011 0040  0.364
0,560 343 099 60009 ,009 0088 4,935
0.0a6 000 000 00000 .0006...0000..0.000

REYNOLDS STRRSS INTEGRAL(J)= . 000320261N

BISSIPATION IHTRGRAL(DY® 0.00162%
. z




7.6

FIGURE A.

(s

T]-
N il A

e

rea ]ty ey

i

u

T

Jasgn oy

‘4

O

a7t




1.0

FIGURE A.7.7

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER

CLAUSER(S)  L/AR =100 ; L /D =95 , B =0090

|
NATURALLY DEVELOPED INLET CONDITIONS
OUTER wALL

! !

—

f
i “ o
UJ S ’Q
m )

Cf:-.0.000T




FIGURE A.7.8

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER
CLAUSER(15)  [/AR =100 ; Le/DhFQB ; B, = 0090
NATURALLY DEVELOPED INLET CONDITIONS

INNER  WALL

1.0

B |

~0.003

03

| "#’d,#;f;ﬂﬁ,ﬂ«fﬂf”“””’E;:oooo1
0.1 \i E l

y+: 100

oLl | |

L 68105 2 4 6810° 2 4 6 810°
(R "RE)U
v




TagLE A7 11 T CONSTANT CORE DYAMETER ANNULAR DIFFUSER "~ "~ "= """ '™ =0 o e
| NON-DTMENSTONAL LENGTHCT/ARIRI0, 007 ™" """ "™ ERTRY LENGTH( L’f‘bhi.’ff 9.5 WYDR ﬁ,ﬂUL!'C,',LD IAMETERS | =~~~
7 T AREA RATIOtAR)=2 000 *“::“‘ji;: o BLOCKAGEcan-q_ggq:;i:f:ji"jj o i e
i.f";_":‘f;ﬁfa_mi':’_EELEéPE,P.S RATIQA0.83% °~ ~ " "INLET REYNDLDS NO. <uvt¢7>=1825?5 e R,
e e T e - e
T mmNﬂIHﬁﬁ£¥iﬁPFY£}9PEP,;ﬁPEIWEQND?T!QH§UW e o e
L o OUTER WALL "_‘f'ﬁ”'_‘f_j'.'_“f'"_'ﬁfff_ T_NP«'_ER_MLL",_;T" T e o
R SRR 1 D ST S S IR R S’i’f";_‘;f;ﬂ‘f,ﬁ"ﬂ",f. [ R
Ny CINY  CINY <1N>.__,__,__ o by Ny Ny T P
T37947° 00315 | J6450 L0333 ,0588 1.352 1,760 | .0456 .0338 0565 4,349 4,772 - N
0300 0.0%0 |7.0866 0414 L0729 1.369 T1.763 §.0579 T, 0417 L0733 4. 372 7, ?sd”f” o o _
0?50 0.e75 | [0614 "L':QA31"’V__._‘_0,751 __1.'426'_ 1.742 | 0651 L0482 .:0807_ 1,407 ‘1___7:.5___"'_"“"””_’_"'" N
1 4;0ff0;145, L0823 ,0538 .0918 1.529 1,706} .0717 ,0D500 D849 ,1.433,"1,736qm”mﬂﬁmﬁ o .
T27450°0 0,245 1.0959 L0608 ,10626 1.578 1.687 1 0878 .05%5 023 1,475 1,719 B B -
T27°700 T¢.270 T 1090 .06?4 134 1,617 1,678 | L1014 L0660 ._1123 1.835 1,701 _ }
3700 0,370 1331 L0778 L1282 1,711 1,649 | .1234 0780 4314 1 583 1,881 o
{700 Q.470 1573 .0892”';1458 1.763 1,634 .1516 .0912 1543 1,662 1.689 7
5,900,‘0,590 1983 L1036 .1651  1.914  1.594 | L1793 L1041 L1709 1,722 1.641 o
7‘700 0.770 .2527_ L1231 ,1937 2,053 1,573 | .2373 ,1277 .2061 1.858 1.614 o N
9 850 0,935 .3297 .1513 ,2323 2,479 1,538 | .2759 1513 2449 1,823 1,618 3 B L
137750 1.3?75 | .2666 L1487 .2384 1.792 1.603 | .2980 1673 2705 1.782 1.617 o
17 500 1,750 .1954  ,13533  .2320 1,444 1,715 | 1941 1354 2322 4,452 1,719 |
21,250 2,125 .1124 ©.0913 L1671 1,231 1.831 | .0812 .0652 1190 1.245 1.825



| TABLE A712 T TTCONSTANT CORE BIAMETER ANNULAR DIFFUSER = = . e
| NONSDIRENS TONAT TENGTR(T/ARI®10.00 777" " enTRY LENGTH(LJ0)E 55 WYDRAULIC DIAMETERS | T
_ t |
T T R REAT RATIOCARYR2,000 T T T T BLOCKAGEIRYE0, 090~ B
T UYWUET RADIUS TRATION0,83% T U UINLET REYNGLOS NO. (UD/Y)R182575 A
T T T I ATURALLY DEVELOPES NLEY CONOITIONS T ) N ;
XY TN T Wy e e ”p © {OUTER WALL | INNER WALL | ) ) ) ‘

e e B e N DR - —

awy o b Fv/see  Fi/sEc Rg .. . Rg ... ) e e

3TA47 0,315 | 18838910 41118 47051 1,099 | 33375 Txze0.y f T

T 0300 9,030 §5.92 7,889 40,624 1,062 1.022 §  4079.3 AT B A R T
wo ‘750 0.075 h1?? 03,882 40,167 4,074 1,027 | 40645 L34%.6 | N B . L
1650 0.1451 175,16 ,862 ko357 4,097 1,035 | 49655 | LAtb. P . - i

9 450 0,245 167,88 ,345 A1 ,116 1,118 1,042 54370 S 1T 20 2 S R —

B ?OOW“G.2?0 163,417,829 40,676 1, 134 1,049 | 38%6.7 AT A D A
37700 6.370 | 156, 76T 805 41,259 4.167 1.060 | 6496.4 | 65414, L L ] o o
4°700 0.470 1 149,40 17781 4o, 904“_1.200 ,1_0?2 S 7102.4 72899 b L

5 900 0.590 “agétsok_,?49ﬂm41.§26wM11256“‘1,0?1 - 7989 .7 Cse3t.? VL ) o
'M?.?OO"0.770 136,79 706 41,174 1,331 C1.147 | 8971.8 B 9309,1 B ) ] i

9 850 70.935__32?,}14”:670m_¢1.1a¢_w13373__1.130 te271.2 | 102v3.9 o o

137750 1,375 | 117,758,702 4p.127 1,254 1.086 93305 | 16494.7 i L

177500 4,750} 104.78 797 40,273 1,097 1,033 7535.8 7543.% R
| 217250 2,125 v0.96 ,BF4 39,509 1,632 1,011 4423.2 3160.9 L



L/AR= 7.5

TRAVERSE
~ STATIONS
X/N |SYMBOL{STN
0420 o |1
0040 | © |2
0100 | A |3
0.167 A {4
0293 | x |5
0420 © |6
0547 | v |7
0673 | v |8
0800 ! & |9
09631 @ |10
“darit] - IS
20 - 52
3t - S3

SYEN

GEOME TRY.
$,=665"  N=75 .
Rof 6.0m. ‘Rif 5.0m.

Ro.z 6.875m. R = 5..011\1.

TRAVERSE
POSITIONS.

symbols as noted u’nl‘ess otherwise indicated




sy

i

Lo

AL

9

]

by

1
rl

1

il

]
+1H
1335

:

FIGURE AL
i

sl

1BEE STE

i

g as
I‘!

IR R

T

[
IPE N

-
Y

T
i

b ke
pRaSA T
T

[EOPE I

i1l

21

[2SS SRR SRR I

it

ity

pet

38!
B
i

]
bl

AR ll

I

+
T

H

age,

I
I

H

1

i
il
B

T

&
2

h
I

passsaney:
ToH
i

T

Lty b

=
[T

T

I
1
il

Sanafng!

-_'\_:‘




1.0

09

FIGURE A.7.10

DETERMINATION OF SKIN FRICTION' COEFFICIENT AFTER
CLAUSER(15)  [/AR =75 ; L /Dh_20 ; B, =0028

]

NATURALLY DEVELOPED INLET CONDIT!ONS
OQUTER WALL

PH-J '
LU

C,=0.0001
0.1 I ! AR
// y =100
0 |
L 6810° 2 4 s810% 2 4 6 810°
(Ro- R )U | |




1.0

FIGURE A.7.1

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER
CLAUSERG5)  L[/AR =75 ; L./D,=20 '; B, =0028

| .
NATURALLY DEVELOPED INLET CONDITIONS

INNER WALL

C, =00001

i

. . 5
L 6 810° 2 4 8810% 2 4 6 810
(R -RjU
RN




i:;m:‘:_:jABLE;\713“*“*““"'cﬂNSTANT CORE™DIAMETER™ ANNULAR DYFFUSER™™ T T
fwwfw;_ﬂ.hMM“_ ERTRY LEEETR!&;P%“ 3;?_3?23&9%19Q91§“ET5R5i"MW“HW"*“M~*$W"

NON=DIMENSTONAL LEVGTH(LQQRT3+7 3

AREA RATIG(AR):Z"OOU““““.

[

BLOCKAGE(RY =0, 0238

sTas0

T

0 30070040
0 750 9,100
mh1 250ﬁw0 187
272007770, 203

—_ -_4:1 ﬂo_ —
‘57050
C 5 as50
5 OSOW‘
f“A“UOG
arog
- 6.'900
T7274007
7274007
?'&GO“
447250
15 000“
18 750

0,547
0,673
0.673
3.673

0.800
0.9857"
0.987

2.000
2.500

0,428

0,300 .

0.987 {.
1.500

L0357

L0233

T 0402

L 0h17

L1452

oeuy
L0837
o83

L1356

0263
0377

L6602

Tlo?h

?O?Eme

PA434

TL06ch

0755
L0962
IATEE

P 0447 T

1,699
92
1.890

2.010““'

TOVA2 70102750179 10396
L027777000084 003200 10504 7
Tr.s28 T

1,759 .
1.740
1,721
1*586“”1”698'““

1,908 4.

L1452

0.800 '|.1881
AT60
17607,
L2re?T
L2686
2727
L2991
A7
203

L0722

L1240
0926

L0887
U863
0863
AT
4267
AT
N

A1 4D

1367
1360
W 1340
1694
2610

1694
1981
L2144
1658

2,070

2170

N T
2.038
RJALET T

2.120

1.779
1.428

SRR

1.301

0802

Q1ﬂ93“
14332

S-S

L1352
L1695
L1695
L1685
L2017

L2097

,2434
AT
LNh69

01347 70097
T4 U172 L0302 THIAI5 T AL7SS T T
Iy AR T
1.526 1. 707
4608
1.700
4,834
1.887°
1.867 4,602

1.867 1.602

L0874

TT850 7

L1050
.1050
L1289
.128%
1068

J0305 T 0213 T 0372
06347 0283
L0367
T0472
L0597
72k T
TLoreh

44 S
T, 0874
“os7h

. 048y
TTaere T

0962

1399
L9139y
16?9
1679

077

1160
1160
1160
1384

1679

205%
2476
1880

4.938
41.9358

1.938

1.920

1.920

1.920
1.888

1.333
1.375

1,612
1.602

1.676

1,646

N R 1 RADIUS RATIORC, 833"””“““"!N£§I”BEX§QEPS Nﬁ“(u%{§)=1?324§v T B -
T WATURALLY VEVELOPED INLET CONBITYONS T
D __,__: #mﬁwm_: :M__“ TTTTTOUTER UALL__ . ) T _ ~ INNER UA}& B
e T e ‘efm""”bS**’f“ﬁf“””“*’ﬁ““"””‘S“’“”"er"“"““S*‘*”“ﬂ‘"‘“**ui"“”::“**:’::;ﬁm —
| ANY ANy C(INd Ny ety aNy ey -
S T

1.3017

50

1.591

1.599

1,599
1.559
1.503
1,688
1.761

e e % 4 ey 2.




:Iﬁﬁgglqjj;ff_“_“"_fﬁNSTKNT_QORE”EYRHETEﬁwﬁﬂﬂyﬁiﬁfD}FFugﬁﬁyf”

_NON-DINgNSTONAL LENGTR(T/AR)= 7,50

| 18750

500

_94.23  .8é0

9.

5o1'1

059 1,021

_ AREA RATIOCARY =27 0007 - BLOCKAGEcaeng,oaaff - ] T
- A . KALE(RY _ ‘ - e
1 o TTINLET RADIUS RATIORD, 833 "ERTET“Eﬁ?ﬁﬁiﬁgjﬁgzgqg?iﬂfﬁ7391171" - - - B
NATURALLY DEVELOPED INLET CONDITIGONS “ — |
e
XX WY q X (3 | OUTER WACL| !N”_E,E_F“LL L o
3. o S R L |
(IN) FT?E_EJ: FY/SEC e, ,M_,Re ,,,,,,,,,,,, e __Reﬁ_ pa— e - ‘
3. 747 G050 467.88_ 972 39,474 1,019 1.007 | 908.%4 369.1 . w
0300 o BeOTITRGELR3 T U949 T 39 0L U039 100957 16338 16272 T T
""0‘??0“’O“Hbﬁj“ﬂ56?18““1939““38T65?“‘1?049*f1”01?“ """" 1946727 |7 TP T -
TAT250 0,167 | 150,60 926 33865 1.064 1,024 | TUPANT 3 | TTToRw0L4 | el
m_? 200 6,293 | 439,25 902 38,761  4.095_ 1.036 | 2796.7 | Tz720,6 | — T i} |
s 4507 70,420 130,90 . 880 39 043 4.127 1.045 | 2574 3289.6 | T
4 ECHENIYA 125‘99 842_“3?:293 4.A75 1,066 | L0098 3976.5 o o -
5053070, 673 947,66 . B23 "33 8BY 1218 1,081 | 45285 45%7 .8 e
_ms 0507 0,673 123;23“W;330,.39 402 U200 1,074 §  4LT6.8 | 4559.9 - -
5.050 6,673 |7447.85 " 2237°38,950 1.213 1.08%1 | " 4535.8" 4L545.2 -
6000 0.800 | 114.75 :733w"9;2ﬁ1 17282 Y.104 5299.9 |  s%45.9 | e
6 000 6,800 | 114,55 U796 39 580 4.257 “1 003 |7 5269 .4 83367 | o
67000 0.8600 | 114,75 796 39 448 1.257 1.095 3273 .1 5345.9 N
S 7740070 987 1 111 36 T739 730 606 4 384 1,139 6612 17T 62326 - - T
- 7,400 0.687 111”"5'M;?42_”391?62'f1;325' 1{119 B 7503.5 4221.3 I T
7 4000 0,987 1}1 36 739 39696 1.331 1.439 | 64121 6232.4 T . L
%1250 "1.500 | 104.03 755 38,473 4.255 1,089 | 4325.0 | ~ 7143.2 - I ,_ i
18 000 2.000 | 68,69 " 802 33 4%7  4.409 1.038 _ 4526 a2 6778.6 oo I
Py 4 o o




0012

TURBULENT SHEAR STRESS DISTRIBUTION L[/AR=75 B:0.028 R, =17x10°
D}.‘,
! i ' j ;' T : i { j '
: | OUTER WALL - | ? INNER WALL
. ' ! !

(R~ R}ins

ULV 3HNOL




FIGURE A.7.13

Re ~1.7%10°

=0028

B,

75

L /AR, =

TURBULENCE INTENSITY DISTRIBUTION

Oh,

INNERIWALL |

!

?

'OUTER WALL

|

|

|
07

(R - R;)ins

(Re - R)INS




JTAn!Kﬁ\715 CONQTANT CORE DIAMETER ANNULAR DIFEUSER.

'<E7AR);L?{501:;M<%thQ= 2.0 (AR)=2.000 <ap=o.nza'"f INLEY, REYNOLDS NO. (uq{#)=17394a 0

'S%ﬁkaézE.dd%fﬂkin=o.4zo GREER pnstrxon(zj Hoat.395 M =1.373 g =,0142" g 0133 u=167.88FT/SEC

 NATURALLY DEVELOPED INLET CONDITIONS ”'fﬂ‘w,u ) - ,"” L

_OUTER WALL — - ._i' T INNER WALL

CReR L RemioMo o e Jw e T B ReRUR=R; G W9 .JZF,Ii'" e '
B T T Y TR TT - PP IS £ T F VO VU IO 11 SO Y
6.059 .050_ .98 _ 00032 .041 _.00es__0.380 | 0.0%0 .630 _.837 00069 050 0130 0.4%%

L4301 0.040 . L340 . 877 00070 .0A7 0144 0,332 .
L6531 0,050 _.050 . .94 _.00062 .0&% _ L0143 0.576
410 ] 0,060 060 .938 . _00G44 _ .033 0424 0,585 -
L4631 D070 L0700 . .962 00027 ..024- 0096 0.582
0,400 .QOGHM ¢o7. . .0h0003 040 . 0060 1.037 0.080_..030 .98t .0001% _.015 . .unss _ 0.576 .
I TR nﬂO_w,OGOWN.QOU e 0aud L Oun 0000 000 0.690. L0900 _.992  .pdO0S L0500 . 04?7 0.636 _ .

v, ﬁOO.MoOUOW--OOOﬂVW.OGOGGMW,DQO“H-OOOO_ 0.000 0,100 .100_..999 .p0G0o2 _.008. .00n&&6 1V, 4&%4_

G.060 _ %40 ....930 .. ..00032 034 . _0077 ..
G670 930 _.987_ . L 0G023....027 0040

D.QBOM_.92uMk,9??_mm,OGOGQ_ L0200 0039
0,090,910 .89 00005 L0413  .0033 .

I o e = N

WEYHOLNS STRESS INTEGRALCJ)= _00007099IN | . REYNOLDS STRESS INTEGRAL(JY= .000026921N

nfésipA%idM“}hfééhAL(%>£70J060256fff:_,iﬂff . DISSIPATION INTREGRAL(DY= 0.000377 -
2




e |TARLE A6 CGNSTANT CORE DIAMETER ANNULAR DIFFUSER . |

. (LJAR):L?L5ﬁmnm,£{ébhé=:2;0i _,cﬁn;gZ"OGQ" <a¢go_hzsfff_xﬁLErfnevuoLDs.soqtaqgvseq73944;o"”””””
R ETI Wxs 0.300" f/héd.OAG”'GREEn POSITIONR)  Ho=1.501 K, =1 413, S:iéoé?Qth 0242 usi66.53FT/QEC
e _NATURALLY DEVELORED INLET CONPITIONS. o T

[N

REYNDI'DS STRESS INTEGRAL(J)=

' fniéﬁfpﬁrronﬂjﬁTEsRAL<g5=‘D.b00551_

e L OUTER WALL 2 DT
ReR . R=B) ‘lﬁmme”mhﬁﬁ.W;miiz_ﬂ - o
GNY L RgRg. Mo U® U USS S
0.035 _.0k4 . THO. . 00136 074 ___ 0104 .0 281
G.akS 987 795 __ 00919 057 0119 0 34b
0,n55ﬂ+a94?.mlsaa_ﬂ”.ouoaa L0852 0169 0. 331
5,065 0..937 &850, 00680  .049  _pM23_ 0_436
0,075 _.928 .&72 _ .00073 __.947 __0%20 Q. 458
5.a8% . 918 __.892 __..00003 _.044 0121 _ 0 482
$.608 _ 90/ _.et0.__ 000656 . 04%  _op4t18 (500
0.405 __.800 . .p27. ... 00080 .. %4n __ .p113. .p. 500
6.415 L8890 .94l ___ 00044 .0%8 _pit0 o 5%

0,125 879 .935_ ,00039 .035 Q107  0.542
0,135 LBTo . .967.__..00034 033 8106 H.576 -
0,465 . 860 ...974 00020 030 0506 .D.617
8,455 _LB%0.....981. ...,00025 ...027 _ 0106 . G.672
G, h65 . 841....688 ___,00021....023_ 0168 .0.750
0,475 831 _.491_ 00016 _.02n .0107 . 0.847
0,183 .82 _.994 . _.00011. 016  _6105 0.993
3,495,812 .997 L00008  .043 0118 1.340
0,205,302 .99&. _.,00045 _.0u9 0231 3.28°7

.000107771IN.

- * -

e INNER MALL _
. ReR; R=R;... A& www_éé?dwwgﬁlrwvh e &

<1u>_wn;aihwuuum%"m:‘u* e TS S .
0.020 _.019 _.670 __ 00142 056 __0nk2 ,0.164 -
0.030 _.029 . .747 00143 058 0102 0.269 ___
0.040 _.039 _.79% __ 00136 . .08 _ 0452, 0.612
0.080 _.048 _.825 _.00126_ 0583 0174 0.489°
0,060 .058 _.851  .00412 . .04% . 0201 0.601
0.070 ...068 _.876 .. 000S8 066 _ 0187 . 0.600 _ __ [ ..
C.0R0 ..077  .897 . .00085 . .043 0175, 0.602 ___ __
0.000 ...087 .95 __ 00071 .639 ., 01462  0.610
6.160_.097  .933 __00058 ,035 0141 0,585
0.140 __.108 _.950 . 00G4é6_.032 0126 ,0.589;;“”“
0.120  .116 _.963. . 00035 _.028 _.0411 0,590
0.130...126 .97% 00026 . .024 (097 0.596 .
0,440 .135._.981 _ _00019. 021 . 0084 0.6%0 _ .
0.150..,145 987 _ 00013 ..017 __ 0070 0.619 .
0,460 _.155  .991 00008 .014 _.00586 0.652
0.170 . .1664 _.995 _0000S ..0%Q. .00S7 0.793
0.180 .174 .998 .00003 .007 .0063 1.175
0,000 000 000 00006 _.000.  .0000 0.000. _

 REYNOLDS STRFSS INTEGRALCIY= .

.A0DDSO5BIN

DISSIPATION !NTFGRAL(@)' 0.00068% . .




| YARLE _AZAT [ _CONSTANT CORE DIAMETER ANNULAR DIFFUSER
o 'ffffdﬁgéﬁflsdf:fffi}hh>='2:0""ftnh>=2.ooo (B)=0.028 f“fI&LéTfasvnoLns7N0.(aq(éséiﬁséaa.oﬁff"”""
R 7fé%&;UK={4;2%0 X/N=0,167 GREEN POSITION(2) H,=1.583 W;a1.523 S = 04217 §f= 0426‘ZU=1§0-60FTfSEC
. -0
I R NATURALLY DEVELOPFD INLET connlrrnus
1 ... OUTER WALL _ . . INNER WALL __ o
ReeR ... ReRi .. i . v A€ s ReR,_R=R{  w . we'  Ja* e &
s F T ¥ ¥ - y ’ 2. ¥ ¥
- | CIN) . Rem,_ U 0 s S, SEp (W _ReR; U u i usk., Sh,.,
‘f:;;; "fa§u46ff;9énfﬂw665”mf7hﬁ151”f.030ff,ooas 0.206 | 0.020 ~.017 _.540 _.00925 073 (P42 0.118
. S G066 942 L 746 - 00124 073 _0078 0.223 | 0.0406 . .035 _.645 00127 _.073% __0075 0,209
4 G.086 925 813 _,0008% 068 0064 0.225 |0.040  ,052 .720  .00105 049 00677 0.238
ywwau G.106 _.908  .866 . 00057 057 0055 0.228 |0.080 _.070 _.7R0 _.00082 __.063 . 0069 0.24%
S LG, 26,800,909, 06046 D49 0065 0.304 [ 0.100 . ,087 831 _.00064 _ .056 . 00ké 0,239
kS 873939 00037, ..041 0071 0.371 |0.120 .105 .877 _00045 047  _0081 0,238
o VD166 ..835 98¢ 00030 .03% 0079 0.460 [0.140 .122 _.945 00030 _.039 __.G04%1 0,238
- L0186 . 838 97400020 024, . .0069 0.494 [0.140 . .140 .546 . 00047 .032. .0030 _0.234
| o0.206 _.820 _.985 __.,00012._ .020 .0063 0.563 |0.180.  .157 .99 .00010 .024 _.0023 _0.227
. 1 .G.226  .803  ,993 . 00007 .015 _0067 0.793 10,200 ..175 .983% 00005 _.098_...0017 0,233
| 0.246 0 L7885 L9969 00002 Q11,0123 2.704 0.220 192 993 .00003 .011 .0015 0.278
G.000 060 . 000 ___.00000 .640  .0000 .0.000 |0.240 . .209 .998 .0000% . .007. .0018 0.542 .
T TTUREVNOL RS STRESS INTEGRAL(J)=  DUO2477RIN " REVYNOLDS STRESS INTEGRAL(JY=' _00040167IN
o C DISSTPATION INTEGRAL(D)= 0.006588 _ DISSIPATION INTEGRAL(®)= 0.000584
L 2 : 2




S ”ikﬁté’Aﬁja”jfﬂjﬁQCbNSTANT CORE DIAMETER ANNULAR DIFFUSER T

R '1<LJQR>- ?.50. 'f!g;n;?= 2.0 (AR)=2.000 f‘cap=0_oza,'.'iNLETiRavaLns”No;taq(v>£1?3944}0.f“
(Lff:?il;sr X= 2.200" 2}N£o'293' GREEN POSITION(2) Ho=1.694. Hi=1.613 o= 0648 S_.osa1 y=139.25F7/SEC
(r NATURALLY DEVELOPED INLET coun:T:nNs o N o L

|

L ouTER M WALL . . I CINNER WALL L
ReR ... 0 R=Rj . LW u.v J_@'z £ . P_ ReR, R=R; ... & uw' _ J__g—_} - B Q
u

N Reme.. U UE W m_usgv swo | aw ReRp U L 0F U w_-”5ﬁo T,

b0, 0p37 . _.971 _ 540 __. 00273 086 _.01067 _0.204 0.020_m.016,*.L68.=_00169.,.0?6n.,0047 VI T
J..0,057. 955,580 .. .00290uw103amw,n123 0.237 10,040 .032....562....00202 ..079...0087. 0.1%4 | ..
0.n7? ., 9%9 647 _...00u2836. 082 ..0132 0,247 [0.060 048 . A%D . 00205 077 __. 01146 0.2517 . 1. .
0.097 ...923 708 _ .0G256 078 0131 0.2&0 0080 ..064  .690 _.00192 _.073 0114 0,260
D417 .en7 . 765 .. 00228 074 .,0134. 0,280 0,100 . .080 . _..747 _. 00172 ,070 _.0106 0.2 .
1 6437 . .804 _..816._.06191 _.068 __ 0129 0.2%94 O.120 _..095 . _.798 .00147  .064 ... 0098 0,256 1 ..
0 187 .875__ L863_...0G159 _. 041 _.0117. .0.294 10,140 11 845 __. 00118 0S8 0085 _0.247_ . ...
0. 177..,850.._,002._...,00122 ..053 .,0%10 . 0.317 0.440. . .127 _.887 00089 _.051 0075 0,250 4 ..
§.197_ 843 _.934 .. _ 00087 044 0095 0.32% 0.480 .143 .921 _ .00063 044 . 0064 0,254 .
D.p47 827 _.958 . _.000660 053 0082 0,334 ;0,200 .159 95400041 _.0%5 _,0053 0.260
0237 L8114 .. 974 .. 00033 . 025 _p0&0. 0.3230 10,220 175 . .971 ...00023 027 . .0641 0,270 . ¢ . .
0,257 _ .79 .986.___.00013 __.0".9., 0040 n_326 | 0.240 191,983 _.0001% .  .0G20 Lgn27 0,259 b
G, 97?”n.??nw,.992_mv‘00008‘w.ﬂﬁsu_,nosoumo,331 0.260 ..207...992.._,00004 ..014_ 0016 .0.260 . | . ..
0 997.“.?6a_ 997 00004 °..042 .0033 .0.511.]0.280 .. .223 ....998 .., 00003 CL041....0033. 0,635 | o

REYNOInS STRESS INTEGRAL{J)= #~.000183661IN . REYNOLDS STRESS INTEGRALCI)= .000264B8IN .

'”mszéEéArQOHfEﬁfsanLC?)a'o.ubqsos. C 1 bIssIPATION INTRGRAL(D)= 0.000988 .. . -
. : 2 .




TARLE A7.19 _ CONSTART CORE DYAMETER ANNULAm PIFFUSER .~ _
(TisR)=:7.50 . (L/p )= 2.0  (AR)=2.000  (BY=0.028  _INLET REYNOLDS NO.(ap/v)=173944.0 ’
] ]

STN. X2 3.150" X/N=0,420 GREEN POSITION(2) Ho=1.785 i =1.706 §,=.0848" 7= 0788  u=130.90FT/SEC

| . MATURALLY DPEVELOPED INLET CONBITIONS - o |
L _OuTER WALL. . .. . T UINNER wALL - o
TReR. . mew o ow o ooe . & e 1% ReR; R=R; . o ogE o dwt e €

5 — 2 ¥ oD, * *

GN> - Ry W v o Uel  ba, [ (IN) RrR U u* RN R T
0047 966 _ L473.._. 00346 105 0146 . 0.248 1 0,020 015 410 .00190 083 0042  0.095 _
0.067 _.954 ..532..00382 107 __ 0140 0.259 | 0.040  .029 490 00247 _.088  ,0116  0.233 . e
0.nB7  .9%6 _,588 00392 .105 _n145 0.264 | 0.040 044 .542. 00271 088 0437 0.264
6,407 922 .643 00392 ta6 0172 6.274 [ G.0R80 .03%9 .84 00287  .086  .0%35 0.252
6,127 907 .695_ 00369 _Cus _ 0164 0.274 | 0,100 073 647 .00286 085 .0134 0,259
G447 . 892 _.746._.,00307 .. .090 __0451 0.272 [ 0.420 _.088_ _.698 .. 00248 .081 .0%36..0.263 . _ | _
0,167,878 _.793..._.00253 ,084 0129 0.257 {0.140  .102 750 00245  .078 _. 0124 0.251 . - :
0,187,863 . ,836_._.06212 .078 0121 0.264 0,160 117 .794 00208 _.072 0120 0.263 | ... .
5.207 846  .B76 . ,00166 .060 0106 0.260 | 0,180 132  .340 00178 067 0103 .0.243
G.227  .834 .911  .00%30 .06n 0005 0.263]0.200 .146 B8R0 00144 061 _.G092 0,241
00247 L819  .944 . 00097 051 _n084 . 0.25%8 | 0.220 .Y61 L9200 . 00411 _.054 0074 0.222
0.267...805 _.964 . _,G0072 ,04% . 0087. 0.324 (0,240 176 .947 00081 . 047 008, (.240 }
0.p87 790 .984 _ 00056 .036 _.010% 0_458 | 0.260 ..190 .965 _.00054 _ .03% .Gos7 op.28s - oo
¢.307 . 775 _.996 ... 00043 036 _.0291 1.017 [ 0.280 .205 .977 .00025 .030. ,0040 ¢, 255 -
U600 L, 000G .. 0086 00006 060 6900 0.000 ) 0,300 ,219 987 00012 .022 ,0031 0.287
U, 000 L0006 ... 000 .00000 .006 _0000 0.000]0.320 .234 . .994 00007 _.015. . .GO33 -G.380
G.n0d L0060 . L000  L00000 G0N L0000 0,000 {0,340 _.249 999 _o0000é 010 0080 1,034 N
 REYNOLDS STRESS INTEGRAL(JY= .000228971IN REYNOLDS STRESS INTEGRAL(JY= ,NU04648RIN

DISSIPATION INTEGRAL(D)= 0.001849  DISSIPATION INTRGRAL(D)= 0.001463
2 - 2 L -




TARLE A7.20

.xL/AR>=n7.50M;M:(Lgnh)u.z.o*f"_tAR)uz.ooo o

: {Bp ©0.028

”MMN_CDNSTANT ‘CORE DIAMETER ANNULAR DIFFUSER

1NLE¥7 REYNOLDS 'HO. (GO 9 =173944.0

CRaYNOI RS STRESS INTEGRAL(J)= x=.000724741N

DISSTIPATION INTEGRAL(DY= G.002013
‘ 2

' Rsvnotns'srnass'tNTsséALth—'

DIQSIPATION I“TFGRAL!@J* 0. 001213

080599?zrn'"

e . L L . R M
UstNL X2 4.400° X/N=0.547 GREEN POsITION2) Ho=1. 881 - g 84ﬁ¢“&;i;115?1w&:;}070”_U=125,09FT/SEC.
i erWWU_,NATUHALLY DEVELOPED INLET CONDITIONS . . o

. . OUTER NALL - __ . e INNER WALL _

meR .. Remi . ... e Jur g e ReB; R=R; .. . AL _ .. v .. Adu._ _E_ £

(TN)MMWR;nrﬁ_mu_vwmq_ ut ol UBdio  ®o| CINY LRERi.U T W LU 0B BT,
L0 078 .47 464 00352 007 0136  0.228 ]0.025 _.017 .362. .p0148  .087...0037 0.096
20,503 _..930 ._.516._.,00371 _.068 _ 01534 0.227 10,080 _.034 . 432 00191 089  .0074 0.170
,wongs_ﬁuanxmw.saz L. 003%4 ,0ve 0134 . 0.217 | 0.075. 051 _ . 487 00215 .85 _,0097_ 0.210
0,183,896  L663 . 00398 0ug 0140 0.221 [ 0.9n0 . 068 ...538 _.00229 _ ,0RS_ .0095 0,199
0,178 _L8Ba....700 . ..,00389 091 0147 0.236 [ 0.125._. ..085 . .594 . .00242 . .083 0092 0.187
U203 L8683 . 756 ., 00342, 085 0144 . 0.246 [ 0,950 ...1010 858 . 00244 _QRY L0086 ~0.174
0,228 846 ....808..__ . 00293 074 _,0420 . 0.222 0.175.W,11a .T25 60223 078 ...0080 0.16%. .
6283 .829...856_ _.00245 . 067 _.04%4 0.230 | 0.2n0 _.135 .785 .00172 _.07% 0072 0.4372. .
L 0.278  L812 _..898 ., 00204 086 0111 . 0.265 10.225 .152 . .B36 .00420 .07 _.0N&1 0,176
L0.%03 . ..70s _.e32. . ,006158 044 0110 0,275 00,250 .. 169 880, 00000 040 ..0048 0,960
B.%28 V778 ..950_ ., 00110 .034 ,0095 0,287 {0,275 _.186...%18 .00042. _.082....004% 0,172 . _ .| ..
0,383 L .76 .. 977, 00066 023 0078 .0.305.{0.300 ._.203 _.950 00035  ..0&2 0032 0.17Y. |l
0 78, _ 744 __.988.._.., 00028 _ 0497 _ ., 0054 0,325 {0 3,8 -220”M_959,..ooo1?, 032 .002t 160
L0, 403 727 0 .99 . L G001 L .043 . 004 0,400 ) 0 380,237 . .982 _,00006. .022 0011 Q. 142
C0.428 710, 995 .00004 .010  .00%1 . 0.518 | 0.375 _.254 _.991 .00004...015 g0t o 175

G.000 L0066 006G L,006000  L000 .  L0000 0.000 ] 0,400 271 .994 00004 .010. 0016 0.252

CFoadG Q000 H.GOU_"'.GOOOO_M.Quﬁ L0000 9.000 0,425 ,288 990 ,00003. . .007 0079 1.463




TARLE AZ.Z1 T CONSTANT CORE DIAMETER ANNULAR DIFFUSER | ] -
'itfikpéi?Qdelfjfggbk>é72;9'" C (ARYRZ.000 ty=0.028 INLET REVNOLDS NO.(iD/v)=173944,0
STN. Ks:5,050° X/N=0,673 GREEN POSITIONR) Ho=1,80A H,-2=1;‘879‘,"”5;1‘1&.0";‘13’34-"’]‘_s?;:p.ﬂm”_)_ V=118 23FY/SEC
. ) -p - « =
[T . NATURALLY DEVELOPED INLET CONDITIONS | L e
| T .. _OUTER WALL o o ... INNER NALL_rfu‘ _
CRFR L RmRi L ow L ol £ 4 ReR;, R=R;  _u av et e ¢
A * # z. . : o . #*
CYND . ReR, o ub* . ..n U6s . 54, C(INY RFR, U i st s
0.069 969 381 00182 _.1060 . 0063 0.149 |0,020 013 315 . 00000  .082_ .0015 0.049 . __
G089 944 . 454 .. 00437 126 0155 0,235 |0 040 .038 .425 00277 .095 _.0113 0.216 ]
0,129 -.940 520 DO44D %41 L0154 0,235 [0.100 063 493 00381 097 _.0156  0.260
0.469 _.894 ..615. . .00433 .14 0156 0,237 |0.140__.088 _.570 _.n0359 098 _ 0144 0,239
| 0,209 _.868 _.495 _ 00380 128 0141 0,228 |0.180  .113 644 __, 00340 _.095 __.0136 0.233
Q249843 TPA_. .. 00334, 193, L0137 0,248 |0.220._.138 _.722 . .00202 _.091. _.012¢ .0.222 R
6,289 _,818 _.838....00225 .006 _.0108 0.227 |0.260 .164 .8pO ,00228 _.0B4 . 0094 . 0.196
5.429 793 ...892 _...00136 ..077. 0084 -0.221 10,300 .18% _.87% . .00158 _.073 .0073 _(.183 _
0,369 LT6& _.937 __.00086  .056 0062 0.211 |0.340 .214 . .935 _.00087 _.087 _,6057 0.195
D409 T4 973 Q0072 (044 L0070 0.260 JO0.380 239 .96% ,00038 ,03& _,0n41 0n.207
DL 4G5 747 .990 . 00038 .035 0085 0.289 |0.420 .264 . .987 .000614 .021. .GN26 0.209
0.489. 692 ...998 _ 00020 . .027_ . 0048 .0.487 {0.440 .289  .994 00006 .013 _.0023 0.296 i}
REYNOLDS STRESS INTEGRALCJY= 00107798IN  REYNOLDS STRESS INTEGRAL(JS)= _00025963IN
m[“a:sé:pArioN_rwveannugg)e_o.aozdsz " DISSIPATION INTEGRAL(D)= 0,004737 _
AL |




A

TaRLE A722 o
jithﬁi;k;ﬂfﬁi
x~ 6. ﬁﬂG ______ _X/N=0, 600

f%l/h;§=_2L0jw (AR>=2.000 . (B)=0,028
GREEN pPostTION2) Ho=72.023

NATURALLY DEVELOPED INLET CONDITIONS

CONSTANT CORE DIAMETER ANNULAR DIFFUSER

HE1,954,
: -p

6Xa 1802" i =.1845"
2-2 2D

INLET REVNOLDS NO.(@D/v)=173944.0
Us114.55FT/SEC

S o OUTER NALL * N - o CIMMER WALL __ .
,,ngn‘,w,nmn~.mW¢g.ub”. w:'__ du _£ L Qﬂ. R"R;.B:ﬁj.W.MJL_.MM‘EE?'MpWJ:?m“. € .. e
TH) L Rpmro U U u _ WSS, Sepol CIMY _ReR. U U W wel %,
C.ubd . 876,300 ___.00189 142 .0044 0.10%1 {0.020 _.012. .288 __.00085 .093% _. 0010 _0.064 _
ﬂ,asawd“9;3...s?uqﬁﬁ.oosze VA6 L 0111 L 0.996 10040 .. 035 .371 L002%4 L105. ,0090 . 0.1946
_@.120,,,929‘m,azs.hm.ﬁoasa ALS . 0t64 . 0.262 1 G100 059 423 LN0302 L1058 L0434 0,239
L0680 L0064 . L5502 06831 LY3%9. L0168  0.251 13,140 .052_M.A81,u_60319n LA06 . ,0124 0 0.215
G.200 . BR2 .57 00836 A%4 . ,0161 . 0.220 {0,180 _ 106 _.560 . ,00357 .A10 Q112 0,198
G, ?Aﬂum,asqwm,ﬁéz _____ L00526, _.V28 01647 0.230 {0,220 ..129 __.644 00385 . 113 . 0111 . 0.980 ___
MO.EBD.w4835ﬂ“,?13,"~40053?, L2000 L0470 ..0.232 10,260 .,15% . 720 .. .a03R2 490 ... 0126 . 0,203
0.R20 . .812..785 00496 . 14 n16R. 0,248 1O 3n0 176 __.788 . .00353 103 0126 0.212
C0.360 .88 841 . ,00310 L0n9  _p130 0 232 10 340 200 _ .853 ,00z242 .091 . .009% 0,194
3,400  .76% __.888 . .0G173 085 0 00%1  0.220 | 0.3R0 .. .224 _.9%0 . ,00177 ..074 . 0093 0,220
BRI S B A .929 W 0027 072 0 L0079 0,220 10,4620 . ,247 . ...94% _,00104 __.055  __po0ss ¢, 260 .~
CGLALRD A8 960 0619 . 058 .a088 0.294 | 0.440 .274 _..963 _.00052% . .040 . 0063 . 0.277 .
‘9;:20.".a94 L0979 00091 ..0458 0112 0.372 1G.500...2894.._.977._,00023...029...,0041 _0.269_ . . .
0.560 ...871. _.991.mw,0ﬂ0?3”~;032. L0140 08854 1 6,540 ..318 ...987 .00011 ..020 . ,0028. . 0.268 .
wo 600 L647..998 . LGG056 022 L0347 1.462 [ 0.8580 ... 341 .994 _.00006 . 012 .0026 0,349
TH00. 000, .. 060, . 00000 000 L0000 0.00010.620 ..365 .999 .00003  .007 ..G0&9 1.265.
C rEYHOINS aTRESS. INTEGRAL{J)= x= 002482151N REYNOLRS STRESS INTEGRALCIY= ,00207837IN.
- pls qtpATrON !NTbGRALtﬁﬁa G.G028R50 DISSIRATION INTVEGRAL(D)= 0.004907
2



FIGURE AT7.14

e

B

[ g8aa
A pasng

H

il

Sk

I

T

4y
v

1
1

[y faaieEEat:

uf:_ :

1 B

H

praii )
IS
s

=T

¥

R

I
A

3

o g
£

s
[us
|

1t

T
bl

by

-t

T

i

Tl

IEE

Tite st

et
[
Al

-+
T
iy

"IV

-t

PR S
sl

ST E T T

pEigayys b

i

B
17

e

inat ;a.
I

4

b

i

ry

4}

s
I

e H

o

ey

1

!
hid ;Im_! i

I
et
HHIH

ghua

Tyavyias
I

ity

Ky

sl




1.0
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FIGURE A.7.16
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FIGURE A.7.18

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER
CLAUSER(I5)  L[/AR;=5.0 ; L./D,=2.0 , B, =0027
!
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FIGURE A.7.19

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER

CLAUSER(15)  L[/AR=5.0 ; L,/D,=20 , B,=0.027
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FIGURE A.7.21
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DETERMINATION OF SKIN FRICTION CQEFFICIENT AFTER
CLAUSER(15)  [/AR =50 Le/the.s , B, =0.090
NATURALLY DEVELOPED INLET CONDITIONS
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FIGURE A.7.22

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER
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= |  APPENDIX 8

a

DIFFUSER PERFORMANCE OVER A RANGE OF
NATURALLY DEVELOPED INLET VELOCITY PROFILES
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AREA RATIOCARY=Z.000

“TENLET RALTUS RATIORN 833

”,'fﬁhﬂﬁbfﬁﬁNSinAL_LEMGTQ(EAQRP= 7.50

INLET REYNQLDS ~o_eaqgana17499a_p“ |

ENTRY LENGTHC(L/M)
B e h

 CONSTANT CORF PIAMETER ANNULAR DIFFUSER

) BLOGKAGE(RP:0.0S?

" NATURALLY DEVELOPED INLET CONPITIONS

W 4.5 WYDRAULIC DIAMETERS

) : QUTER WALL | INNER WALl
C e K : R, e o kE - S -
B S 71 0 D L - I ST W & e & o
Ny CCINY L CINY. D CINY O CINY (1N
Toa47 T.620 |.0269 .6201  ,0356 1.338 1.773 |.0300 .0216 0377 1.391 1.748
7400 0,987 |. 3470 L1310 L1987 2,650 1,517 |,2367 1240 1979 4.909 1.596
X .o X/N | U " a < (3 | outEr warL [tNNeR WALL
L . 3 .
CTR) FT/SRC Fv/SEC Rg Rg
T44? B 430 176,07 943 39.%10 1.0%6 1.013 1862 % 2000.5
7.400 0.987 |121,93 .677 39,841 1,494 1,477 8512,2 8058.%




hOH-DIMsnsIOMAL 1FNFTH<L/AR>= TR0

nnrA RATIOC(ARY®Z .000

_ENTRY LFNGTH{L/nﬁ=12 0 HVDRAULIC DIAMETERS

‘ TiakafA;8£§i.f:“fiécﬁéTAwT‘cnks bIAMsTEF.ENNULAn‘ni:russn

!
BLOCKAGE(n)ao 110

) "_rﬁLaT RKdrUé;nATxnzﬂ.azz INLET REVYNOLDS NO. {uﬁ44)ﬁ1?a144 0. fh”fffm:;..[.u'
- NATURALlY hEVFLOpFn {NLET CONnDITIONS
o . ot OUTER WALL | '!unﬁé'uALL""“m.;m”“ -
x x| 58§ w1 s e W
CIN) . CCINY L CINY L CINY CINY <:N> iy .
T 447 0.420 |,0017...0392 .0498 1.319 4,782 .nsoSf'.ozss-.tbassﬂf1;31z' 1.785
7.400 ¢.9 L4102 01511 L2273 2.7%4 1,504 |.2603  ,1332 2155 4.805 1.618
X owM|ov G o ce< {31 OUTER WALL| TNNER WALL
o . 3 . | . )
cpnd Fr/sC FT/sEc Reg . Rg
30147 3,429 [1ak 14 U890 35,649 1.040 4.047|  3845.1 . 3778.0
70400 0.987 126,83 636 38,938 1.543 1.109 10216. 4 9001.4
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CONSTANT CORE DIAME TER ANNULAR DIFFUSER
ENTRY LENGTH(LEIE}Q=39.5HYDRAUUC DIAMETERS
1

TABLE A.86
NON-DIMENSIONAL LENGTH(L /AR 7. 50
ARE A RATIO(AR) =200

INLET RADIUS RATIO = 0.833
NATURALLY DEVELOPED INLET CONDITIONS

BLOCKAGE(B, ) = 0.102
INLET REYNOLDS NO(TDy?)-175750.0

OUTER WALL INNER WALL
X X/N $* B $*H H $* 0 $**  H =
(1N {IND (IND) (IN) (IN) (IN) (IND
3147 0.420 |.0534 .0419 0756 1276 1805 |.0483 .0378 .0682 1278 1.805
7 400 0.987 |.3%80 .1520 .2320 2350 1.530 22950 1410 .2410 1.710 1.620
I,.._.. .

X X/NT U u/u Q o< 3 | QUTER WALL | INNER WALL

(IN) FT/SEC ET3/SEC Re Ro

3147 0.420 1183.80 898 39600 1041 1.015 40900 3710.0

27400 0.987 112450 668 40.100 1406 1142 10100.0 93500




TABLE “A.8.7 77 TCOHSTANT CORE DIAMEYER ANNULAR DIFFUSER

'Nda;pzﬁamszdﬂALjLéncrﬁﬁthgng= 5.00  _  ENTRY Leuafucﬁénga‘a.s'uvbaAutré BIAMETERS
B - e S ro S o
h ST TTUAREA_RATIOCGARI=R.000 BLOCKAGE(RY=0. 053
© O ruLET RADIUS RATIO=0.833  IWLET REVNOLDS NOJ(UB%QH=1?5248:§“
. NATURALLY DEVELOPED INLET GONpDITIONS -
T 7 OUTER WALL _t . INNER watL
I R X * . — . . . P F CIET —_
Cox w88 & L w $* © $* H m
CINY IR (TR LGNy - CINY WY ey
{0 T047 70,629 [ .0253 L0189 L0337 1.336 1.779 (.0280  .0205 0342 1.367 1,764
L83 0.9A3 ) L4918 L4125 L1679 4L 370 4,492 [.149% L0867 1419 4.729 1.6%6
£.813 0,965 | 4832 (1533 L2264 3,020 1.477 ].1499  _0RA?  _141B  1.729 1,436
4,843 0,963 [ (4953 1275 1955 3,885 1.533 [.1499 L0R67 1410 4.729 1,634
TxL oxgw | U Jdw a0 e (3] QUTER WALL | INRER WALL
CINY FT/SEC Fr/SEC Rg Rg
| T47 B.620 | 173.68 047 39,468 1.033 1.012| 17333 1898.1
4813 0,983 [ 131,335,624 39.475  1.860 4,320 7874.6 6047.9
4,813 0,963 | 130,04 642 39,902 1,647 1,229 106223 6008. 1
4L.8%3 D.963 1430.12 622 33,678 1.808 1.300|  A838.3 6012.1
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T TAREA RATIO(ARY=?.000 .

INLET RARIUS nAT:O:O A3 3
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4813 0,963 5115 L9380 L2047 3,706 1,481 [,1630 1019 C_470A  1.600 1.674
R V2 T O T 1 N ... (3 | oUTER WALL | INNER Wart |
L - . ' 3
1K) FT/SEC FT/sEC Rg Rg
T4? N.629 |98%.60. ,a91 39,281  1.05¢ 1,021 3802.0 Lo .7 :
L8136 GA3 [ALRA5 394 ADL4S3 1.833 1.297) 104745 - .B229.8
4,813 0.963% |537.21 . ,606 39 720 1.800 1.28%9] 10089 2 LPhE9
6£.813 D.963 [135.°7_ 606 39,370 1.800 4.289 9998 .4 L7381.9
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DIFFUSER INTERNAL FLOW DEVELOPMENT AT QOPTIMUM SPOILER POSITION




L/AR= 50 - AR 20
TRAVERSE (e :
STATIONS N ¥ | N AR2
j i ) AR! [~ >
X/N  |{SYMBOL|{STN M — T _
0630 @ |1 /,.. RO_R_L X Xd
0060 | O |2 \_ | J
0150 | A |3 J
0270 A b ( ' ‘
{0350 | x |5 - | | |
| o510 | © |6 GEOME TRY. . TRAVERSE
0630 v |7 ‘ ' POSITIONS.
' . ?5o='IO.O° N=496 . |
0.750 v 8 |
0856 | & |3 R,=60mn. R, =5.0n.
0963 | @ |10 ! : ] .
R,=6.875m. R;=50m
2 . 2
arcl] - |ST e
k i - 22 symbols as noted unless otherwise indicated
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FIGURE A.S.2

DETERMINATION OF SKIN FRICTION COEFFICIENT AFTER
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FIGURE AS3
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NON-DIMENS;QNAL LCHGTH(LU&R)B 5 00

TAREA RATIO(ARY=Z, 000

"~ INLET RADIUS RATIO=Q , 833 m;;_

EoHSTANT“CORé braaeregfggyuLhn”aiFFusER R

'  BLOCHAGE(B)HO.11?

“:.IN'ET REYNOLDS HO. ¢U%{4)=167922
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L1698 L0972 L1649 1.748 0 1,664
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TABLE'AQ2 | CONSTANT CORE DIAMETER ANNULAR DIFFUSER

] HONSDTHENSIONAT LENGTH(T/ARY® 5,06~~~ TENTRY LENGTW(L/D)a 975 HYDRAULIC DIAMETERS

I

LTI ARER RATIOGARISZL000 T T T BLOCKAGEsIANTIE7 T
_ T INLEY RADIUS RAT1O=0.833  © gNLET REYNOLDS WO.c(Tps¥Istév922
' INLET GOMDETIONS ARTIFICIALLY GENERATED BY STEp BLOCKAGE'AT(&{bﬁa?IQHYDnAUtIC DIAMETERS
g2 EEED VTRV AR RN DR ae RS EE ABE A CrrnE CHAARERTERS
X T )N e T W e T e 30 JOUTER WALL | INNER WALL
CoaamyTl o fer/sEeT o Farseet _ Re | Rg ..
T 147 T.629 [178,45 883 37,318 104D . 1.048 | 5229 .4 3056.0
07300 0,060 (171,96 833 38,534 1.0539 1.022 - 4763,2 34487 1
0750 0.150 (156,99 846 36,511 1,097 1,036 5607 ¢ 41608 7
17330 0,270 150,40 818 37,355 1,430 1,048 | 6675 4 46855
17950 0,300 [163.31 7%z 37,771 10175 1,066 76206 49443
2550 G.51Q {137.24 P64 37,995 4,236 1.087 7961.2 54591
37950 0.630 132,32 (737 38,260 4.2%& YV.167 8643 0 5836.%
37750 C.vs0 129,34 (71e 38,783 1,357 1.430 $380.7 6311.7
T47232 0,856 126,56 671 38,194 1,457 1,144 10218 .9 6675.6
47813 0,963 |*23.22 (644 37,915 1,530 1,187 167005 7089.3
37750 1,750 [110.54 (714 38,322 4.23% 1,070 10333 % 7043.6
127560 2,500 | 99.03 (7?3 38,128 4,103 1,036 7978 4 5660.7
16,230 3.3250 | 83,58 876 37.680 41.0&A 1,045 4937.0 3339.3
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CTarLE AS3

. COMNSTAMNT CORE DIAMETER ANNULAR DIFPUSER. .

(LTARY= 5,00 . (LD, 3% 9.5 . CARY=2.000 . (B)=0.117 .. INLET REVYNOLDS.NO,(ab/v)=140529.0 _ |
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INVET RONDITIONS ARTIFICIALLY GENERATED BY STEP BLOCKAGE AT(L/N)=?.0MYDRAULIC DIAMETERS

S

- , . OMTER WALL _ _ : INWER WALL
RueR . RmBy . U ' u‘v-'....,,,E & e ReRi RmB. . ow . Gl L du £ £
(YH) . ReRj . U u* W USK.e S35, ) CINY ReRp_.UW T W U ust . &80,
0 050 7950.°.738 . ,00115 070 __0073 0.216 {0,028 025 _.643 00140 ,06% 0071 0.18% _ .. ,
0 a?5 . 925 . ,778 . 00134 073 . 01%6 . 0_372 {0,050 .....050 ..?30 .. 00162 ,064% 04386 0.338 __ | . ..

0,100 %o, _.806 .. 00150 075 o228 O0.5868 | 0,075 . ,075 _..784 00164 067 ..0204 0.4692
0:425 875 ,827 ..00%59 076 0277 0.6%7 [0.100 .,100 .830 00158 .,043 . 0228 0,573
07156 856 ,843% .. ,00162 075 0370 0.913 10,925 ,125 ..847 00150 .,Q089 _, 0243 0,678
0'475. ,82%5 _,858...,00163 ,07% _ 0403 0.9%3 [ 0,150 ,150 ..89R 00136 ,0%56 .0262 0,711 .

07200 . 200 ,870....,00163._.071 _0L80 4 140 1D 475 475 024 00149 .082 0282 0.816 . .
0 225 .'775 _ ,8R0 -..,00161 069 0555 4.383 10,200 ,200 . .94 00400 ,049 ,0328 1.041
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TARLE AS.4  _CONSTANT CORE DPIAMETER ANNULAR DIFFUSER
(L/ARY=15.00 Lumthgnh)= 9.5 (AR)>=2,000 (RY=0.117 INLET REYNOLDS NO.(ub/v)=160521.0
STN. X=: 6.300" X/N=0.060 GREEN POSTTION(2) H.=1.380 W;=1.380 _s;§~o735” S-,:=50§10"_u=16A,39'FTISEC
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e .. _OUTER WALYL _ _ o L _ _ INNER WALL —_ o . .
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0,356,468 ..935 . ,0u061 056 L0263 1150 -] g 335G _332. ,998 00003 ".G47 0054  0.949
0,375 _Lé644 . ,942  L000S8 055 0296 4,230, 0,000 000 .000 00000 000 _ .c000 0.000
0,406 - 620 .48 00056 ,054 0306 1.290{ 0.000 _,000 ,000 00000 000 G000 6,000
G.425 .59 . .954 ,00G34  UDEZ 0315 4.351 0,000 L0000 .o000 . 00000 Q00 000G 0.000
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MOMENTUM INTEGRAL EQUATION BALANCE




. Momentunm Integral Eguation Balance

The momentum integral equation, derived in Appendix 4, is written as
follows for the inner and outer walls respectively:

as, o, 6, |
i i 4u 3
Tt T oo By v2) R, Tx

R

s . 2 2
U 3 —2—2 aPs (Rg - B;)
e Y (u? vy JAR + P 5
p U2 R 2oU Ri
i
A8
'Ef9-+ 2 gu (H +2) + Eg-fﬁg
Bx ¥ T ax o R ox
- |
S ° : 2 2
T N B ke DVt B s)
pUz U2 ox 5 . _ dx 20U2R
. Rg o
A9

Theserequations were used to check:the expérimental data for three-
dimeﬁsional effects by comparing-fhe two-side& of each equation evaluated
from the measured data.

For flow with a potential core in the straight—cdre annular diffuser
geometry we have the following |

- dap

N | - .—.—.§— -—-.—-j-".»- .
| veE 0 I _]G =0
‘Thus the inner wall equation reduces to:
. N R
as, -8, $
_i_.. 1 _igau A 8 2 2
rrale 27T dx(fzi+2) +U2 ax(‘? - v'7)ar | A1
P ; R,

YR AJ11.2




‘Where it was necessary to measure graﬁients the expe?imental data
i.e. U, Qi etc..was plotted'against-the axial disfance down the diffuser
and the slopes read off at the ne'cessary atations by drawing tangents to \
the curve. Great care was taken to obtain the true tangent in each cése,
each tangent being measured several times and the mean vélue téken. Thus L
each side of cquations A.11.1 and A.11.2 was evalvated and the comparisons
are shown in Figs. A.11.1 + 4.11.6. ' o

Compariéon is also made for. the spdiler geﬂerated inflow in Figs.‘

dp

A.41.7 and A.11.8 where in this case the values of jig-and vé are significant.

e . . ‘

- 43~ | o | |
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