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Two dimensional diffusers, both with and without teilpipes, have been
tested with different inlet' boﬁndar;,r layer conditions and various diffuser
- geonetries.

The effect on the developing boundary layer parameters within the
diffuser and tailpipe are inVes’qiga.ted for the various conditions. The
interaction of all thesé w)erious éarameters are ;‘.nvestigp.ted and their effects
on the diffuser performance determined.

A theoretical predictvion ‘bechniéue based on the momentum integral equation
and Hesd's en’creﬁ".nment function is developed and the prediction method tested
against the experimental results., This prediction téchnique was showvm to
accurately predict the boundary layer end performance perameters for thin

inlet boundary layers and low area ratios.
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HOENCLATURE,

.. Breadth of diffuser. o o Cm
| Length' of tailpipe. . .. m
'Leng‘bh of diffuser wall. | ' IR | m.
Length of diffuser. . om
Fluid velocity. - - - - ' ‘m/s

:pii v, Freestream velocity (generally taken as centreline value) /s

Mean velocity. (mass averaged velocity) - n/s

Tnlet width. (Diffuser) D R
vy Outlet width. | | " om

Iocal width of duct.‘ | : m
1% - Kineti;z energy correction factor.

Yomentum correction factor

of Divergence angle.
Distance from inlet of diffuser. : . m
4 lomentum thiclmess. . | m
& Displacement thiclness. ‘ ' m

Shape factor.

R Arez ratiof (Yi /W2) )
AS . In_let aspect ratio. b/wl
Cpl : Pressure recovery co‘efficient.
' ﬂz | Effectiveness. | |
Q Densi’c.;‘vri of fluid. ‘ - ke/md
Re(NR) Réynolds no. based on inlet width and meen velocity.
local static pressure. I-Z/mfmm E,0
X Inlet static pressure. | ‘ N/m?mHZO_
liass flow. o ke/s
Cp ' Pressure recovery coefi‘ioieﬁt based on a téilpipe
L ressure, B '
Cp . Thergy. corr;acvted Coe . . ‘i
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Ehe:rgf corrected AZ .

- Viscostiy of fluid.

Kineaatic viscosity of fluid,
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Léﬁg‘bh of tailpipe expressed in dif
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of boundary layer. '
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in‘ ‘x:nany, fluid flow systess .i‘t is requiréd. to increase the static
pressure in} the systexi by meé.ns of decelerating the flow and i'educing the
kinetic e’aergy 'ovi‘lthe fluid, Provided that the flow everyvhere is subsonic
- this méy be achieved with a diverging duct. These are used extensively in
such systems as gas turbine intakes, venturimeters, wind tunnels and air
'conditioning systems.
| This particular.work is confined to two dimensional dii‘ms‘ers, although
conical diffuser performance is included in the review of relevant.‘work.

A two ;limensional difjfusér‘ is one which has two components pf velocity,
one al?ng and .th'e ovther pérpendicular to tl;e long;itﬁdinal axis. This
;i.mplies an infi;nite diffuser breadth which is not possible in.practice.
'Howev.er, it has been sh'ov}n $hat for ratio of breadth to width, known as the
jAspéct,Ratio (4S), of greater than six, the sidewall effects are minimel
(this is discussed in further detail in the following section).

It is »interesting to note that 'mé.ny large annuler diffusers may be likened to

a two dimensional diffuser having a large aspect ratio.

(1) Dirfuser Geometry. -
A tvwo dimensional diffuser éeometry (s}_movm in ;i‘igure 1) ma;f be described
4' _b'y a combination of various paranmeters.
" The ones favoured in the present investigation aret~
Area Ratio (4R) = wp/my
Divergence Angle = 2;{ |
Inlet Aspeci; Ratio (.A.S) = b/F;

Distence from Inlet = x/- vy
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Two other possible parameters aret-
Diffuser Wall Length Ratio L/w,
Diffuser Axiel Length Ratio X/w,
If a d:_f“user is followed by a ta.;lplpe then an erbra Ia‘ameuez';~
Te.llplpe Lenn'th | = n
(vhere n = 1ength of tailpipe/tailpipe width).

In diffusé;cs a corner radius is normally provided at the diffuser inlet
and exit. These radii Ix'evént the diffuser wall length and the axial length‘
" ‘from being determined accurately. Therefore, in this work the ratios L/w‘

I'I/W,. have not been used. Fowever, several earlier workers have expressed
performaﬁceAdéta in terms of L/w, and ¥/w, in addition to either area ratio

(#R) or divergence angle (2p).

Diffuser Performance and ¥low Parameters.

(i1) Inlet boundary layer thiclmess:

| The mlet bourdary layer txnclmess is usualiy desorl’oed by the ratio
of alsglaoeaent tnickmess to th the inlet width (25 /vy ). The inlet
A .boundary layer may also be described by a ratio of the momentum thiclmess
%o half the inlet width (20/w, ). The shepe of the velocity profile mey
be illustrated by the ratio of 88, kiown as the shape factor (H).
Fuller definitions of those boundery layer parameteccs: will be‘ﬁncludcai in

N éllapjber I1T1.

- (111) Flow regimes.
- There are three basic regimes of flow within 3 diffuser:-
(a) -Uhéepara'ted flow; This occﬁrs vhen the boundary layer remains
u;,at’ca‘ched to the d‘ii‘i‘u'ser '(7:;11 at 211 times.
(v) fi':Separate:I flow; It is generally accepted that this occurs when
the bouadary 1ayer‘ becomes detached from the wau'(}mhough it mey
re-attach at s later stage).

(¢} Stall; This occurs when a stagnant, recirculatory flow is yresent.

' |



The fluid near the wall %ends to move ups&ewj.~ Stall is an
advanced stage of flow separation., N |
There are various degrees of stall and separation in é, diffuses ey but
-the two preceding definitions are genera.ll:f used?‘ to‘.d‘i'sgri;ninatg vetween
separation and stall. - |
(iv) Perk‘ormance para;:xe'ters.
' Several 'para'neters are needed to ass‘essf-dii‘iuser ’é‘e;‘i’§r53:1ce, but-the.t'}rov.'
- most commonly used are:- - . | . |
(a) The }fn?essure recovery coei‘i'icieﬁt (cp) waich is déflned as the ratio
| of the statlc pressure rise between any statlon dovmstrean oi‘ the
dlfﬂlser inlet (p) and the station at the diffuser inlet (p,), to
\ .
the mlet dynanic pres;ufe, eQu. s Where ﬁHlS the nass gver'aged
inlet Yeloclty. 3 .
Hence Cp = (p - p)/%Qu? |
(b) The diffuser effectiveness which is defined as the ratio of the static
pressure rise between the station at in‘i_et an_d a station doxmstréam
' ,(p - p,), and the dynamic pressure decrease _be‘cween"the two posi’ci'ons’,
* vhich is ¥(Qu? -Qﬁ-?_2 Y therefore ‘éi“i‘ectiv;aneléss : (4() for incompressible
flow feduces tos- - S o
A= (v - p)/EQE2 (1 - /4w

" This is not an  energy efficiency since‘it uses the mass averaged

- ~

"-%_'v'elocity @l in the calculation of he dynami¢ pres"ure.
A true energy efficiency may be obtamed by tq“:_nr* into accou.nt the

diécrepancy incurred by using the value c;f mean velocity deterained fronm

“the mass i‘low,(i. e. T = '/QW S:,Q udw.). | ‘

Hence the kinetic energy 'us.'_ng 4 will be; * Qu 7 or J-@ 83 dw --— (1)

The true kinetic energy is ,quu?’ T — (2)

Therefore to convert the mass averased velocity veﬂue of ine’cic energy to

the true value of 1'3'1181:5.(: encrgy & kinetic enefr*y correv’cﬂon i‘acmo* ™ can

be used, Thus from equations 1 and 2,Xmay ’oe aei‘med as:wr'

f Qu3d / f Qusdw . (33)




which reduces to: -

<= 1/uf) ()2 @ ()

or & = 1/Wj:1(%)3 ay

Cp may be corrected to a true energy recovery.

CPE = (p - P()/';é' eﬁu?'ai

and similerly for effecti’.veness_

A(/E = (P - Pl) %Q(“tﬁtz" D(l-l

Other parametérs used include:

The total pressure loss coefficient A which is given by the exgressionj-

A =1 (p-p)/AeE?(2

: Tha'eforg)\ =1 - /P(_

uncqrrected)\_ is not strictly a total pressure loss coefficient.

(v)

the Inlet Reynolds nunber (Re).

w, as the characteristic dimension.

Livesey however, points out that since the kinetic energy is

Another form of total pressure loss coefficient is used by Idel Chik

An important parameter used in describing the inlet flow condition is

m' 7,

//‘
(vi) = Summary

8-)6

~—~—

The various flow parameters used in this work are:-

"

ft

=

1"

38 :

Inlet parameters.

or u,w,
%

&

= shape factor.
Divergence angle of diffuser.

Area Ratio of diffuser = w,/w,

2

- 1/AR%)

Hence the fnlet Re. is

' Re number (based on inlet width) = O, w
displacement thiclmess ()
Homentun thickness ()

(degrees)

This is usually based on the inlet width



A

3]

Pressure recovery coefficient = (p - p.\f;‘ge(u;")
Effectiveness = (p - P.)/‘:E‘Q(ﬁ\l - a2

1, (Yiun3
Xinetic energy correction factor = /w 5.0 (5) dy



REVITY OV PREYIOUS TORY,

Certain early work was'done on diffusers by vai-ii'ous workers such vasA .
"BORDE}and VENTURD ¥ in the 18%h century, but the first really comprehensive
study was carriéci/ out by GIBSOY 1. He published many pé.pe*;'s on .hisv v:or‘.':v
betveen 1910 ahd 1913. Tn his experinents he tested over 90 different
diffusers, both plane walled and coniéal, with angles of (ii\ier'gazce varyiﬁﬂ'.
from 3° to 180° and érea ratios from 2. 25 to 10, 96' -- Hls {;ene:ral conclusmne;
on the effect of divergence ang'!e and area ratio on pf'essure recova'y have

been borne out by subseguen’c workers in this field. An example of Gibsons

tory . '
introduc'aag work is shovm in figure 2,

I.1 - Effegts of Geometry.'
I.1.1 . Area Ratio (R) end Divergence ingle (2f) |

The effects of geome‘ry of the diffuser. has undeigone ex‘l:enswe work
and the optimun d:.vergence angle hes been found to ‘be in the region of 7°,
the exact angle varying with inlet and streém 't;onditions.

'ﬁLllmi'et al conclude that the optimum divergence 'e.ngle 'lies between
6° and 8°. At these angles of divergence the orptirmunm ef fec’clveness occurs
at low srea ratlos (a'oprommately 2 in unsta.lled dlfﬁl“el‘.;,. 'Howevcuf;
the optimm pressure racovery coefficient o_ccqrs'at-r_iigh grea_ratios with
‘ sligh‘b separation in ‘the diffuser. These n;@ds eve éliown in figures
3é and 3d. D"'??If“fsand K"‘I&THOFF:‘R draw similar conclusmn 1*@ their
wov’k, shovm in figures 3d and 4. ) |

Gibson, however, found the ooptimmum p*eo$11ﬂe 'f‘ocovery coefficient ’co
%e.depéndent on diffuser type. Hls optimum dlver'bence any 1es .‘eré 50 for
conical, &° for square end 10° for a two dimeasional dlfifuser of AR = 4.
Thié cen be seen in figure 2. These values, howewigzr, _aré suspect since

he used a tailpipe vressure tapping aprroximately two diffuser exit

diameters dowastrean., 1lore recent workers have showm that when a diffuser

is credited with the pressure rise in the tailpipe, 'thent '__‘('iiAivergence
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angle at optimum performence is increased by 2 to 3 degress. Tous Kline
postulates that the reason Gibson's work varies from the Agenerally accepted
values is due to this small tailpipe addition.

3

A later worker in this field VULLZIRS carrie:i out an investigétion into
the performence of difiuse;:'s with plemun diséherge.  He situated the diffuﬁer
just dovnstream of the fan éischazjge. There was no flow siraightening of any ’
. kind between the fan end diffuser i'nle%. Since inlet flow symmetry end
turbulence have ariarge effect on performance, and no inlet conditions were
stated, his results ﬁave not been included in the review., Hore important

work was done by HUD]E'.ITO%’"

in 1952, His diffuser performance (Cp,_) was
based on the maximum pressure in the tailpipe. EHe published data for area
ratios of 1.5, 2,0 and 3.33 (showm in figwre 5).

His results ore consistent with those of GIBSON and shows the optimm
tailpipe recoveﬁ*y to occur with a diffuser of AR ’= 3.3% and diverzence angle
10° at a position .3.5 eﬁt dismeters dovmstféam. The optizmwa value of Cp
in the tailpipe was 0,82,

This value azgrees with ¥Yline's Optimu}n‘ of 0,82 for 2¢ = 7? with an AR=
"% 3,33 and a p}enum discharge. = However, Budimito's value should be: siightly
higher due to tile addition of the tailpipe. However, at optimum divecgence
angles,' (7° for plenum discharge and 10° for ‘tailpipe' disbharg‘e) the difference .
between Cp and Cpy is‘ so slight that it may be obscured by expérimental error.

" The following general conclu‘sions o opti‘mwnv area.ratios and divergence
angles may be drawm from previous workers.

1. The maximum diffuser performance occurs between 6° and 8°.

2.  Optimum effectiveness ocours et area ratios of approximately 2.

-3 Maxioum values of Cp ociurs at aren Totios of ap-roximately 3 or
slightly greater.

4, The zctual velues of maxium pressure recovery coefficiint increases

from ‘0.65 and 0.85 as the inlet boundary layer decreases. |

This effect is shom in figures 3¢ and 3d.



Leles  ASPECT HaAT1IO0 (AD)
.Li’c tle vork has been conduciel solely into the effect of »snedc fatlo
(AS) on o dmensmnal diffuser performence. However, ¥iine'et al state
that exoermental ev:.dence leads o the conciusion that aspect ratLos grezter
than six m.ll meke sidewall effects insignificant (shom in figure 6).
Even on small aspect ratio. diffusers (4S = 1), it appears that aspect ratio
is a much less ﬁmrtmt factor than Area Retio in governing the performance
of_ the'Unstallec‘i &if;"user. . However aséect ratio must be taken into accou.n'l;
.. vhen results such as those of DERRICY > and KZLYVHOFF-R, are assessed.
(Derrick and Kelnhofi‘e:‘" investigated a diffuser hiving an aspezt ratio less
than unity). |
i.2 " Effec’c of Inle;c Boundary Layer Conditions.
1.2.1 Boundéry Layer Thickness. |
The effecht oi‘ boundary layer thickness appears to be one of the most
'.significan.t factors governiﬁg diffuser perfofmance. Trerefore work which
j doe’;s not state the inlet boundary layer condition is of lit't'le rractical
'value.‘ | | . |
‘The inlet boundary layer .thiclméss is described by the ratio of the '
displacement thiclmess to half the inlet width i.e, '25;7“’1 . DERRICKS
K who uses fully developed flow conditions (287’;,5 0.11), states that the
Vinlet boundéry layer thickness for a fixed geometry'dii‘i‘userk establishes the
“absolute maximum Cp for that diffuser. Further, the inie‘c conditions affect
. tne performance more then flow regime. He states that génerally as the inlet
bounderyla.'fer thickness M@ee;ses, then Cp andAZdecz{ease (this is showm in
- i‘igu‘e—':?c and 3d).
KLI}-TEa haos done ex’censive vork oh the effect of the iniet béundary layer
tm.c-:ness, i‘rom2<5,’- 0.007 (vm.ch he uses to define a thin boundary lajer)
257\'&' = 0.05. I'b mey be noted that fully developed flow at the inlet rould
have a value of« /W of eround C.11l. (This has been found during preliminary
invéstig.-.tions in the present vork).

, I
¥line has 'mapped' these inlet conditions for various divergence angles

b

and erea ratios, (Examples of these can be seen in figires 3a, 3b).

‘ .
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Using this date, i'igtires 3c, and 3d were plotted. T‘pese show ‘that for
optimm geometric conditions (AR = 3.0, 24 = 7°), the 'variatior; of inlet
‘boundary layer thickness fro;n Z57w1 = 0.007 to 0.05 re.iuces“the mazrm:n’}p
- from 0.85 to 0.65.  Kline et 2l also nétg that mc:r‘z,ases in boundery layer
thiclkmes: are 'usual'ly‘generated by an inci'eased inlet.piﬁe length. This
increase may, however, have the eflect of mcreasme, the tu.rbulence mtens:.t,{,
(to ve discussed later) which also has an efi‘e"t on performa.nce. |
There is a-limited amount of data for fully develc‘)ped i‘low at inlevt.v.
WATTIAYT 6 for this inlet condition shows that pezk rec_ové:c“y.occurs at divergence
anglés betwe@ 10° and :20°, .
Ano‘thec inlet parsmeter Whlcn has an effect on nerform,nce is the boundary

T note that sha.pe factor H and 25 / W1

layer shape factor H. 'OO’iE and KLIIE
tbgethér }moba..'bl‘y have an effect on‘peri‘or.mance but did not investlgat_e 11;.
1.2.2  Turbulence Intensity ({G'2/0) ,

The level of' ‘curbﬁlence intensity affects the Uerfomance of the diffuser.
Purbulence intensity bemg defined as the ratio root nean square value of the
flow veloc::.ty fluctua‘blons, /2 to the nean velocity-of the flow U, (J—T?/U)

WAIEC'MT, RENEAU and VLB’F‘6 observed that the 7eve1 of ’curbulence
affected the an¢le at whlch stall mcept:.on occuzu ed.. They noted that, gen-
erally, in small diffusers \71'Bh dlvergence engles of less than 200, 1ow
“turbulence levels delay stall mceptlon. Hox.ever; .at higher divergence
angles and larger diffuser wall lengths, hizher- inlet turbulence levels delay
stall inception.  They conclude thet ressure réco‘\Ter_jr is a Mction of both
- Tinlet turbulence intensity and the boundary layer t'hic!mess.. These results
are shown in figure 7. ) |

¥line et al conclude that with a turbulence :Lntens:n:y of less than 3

the flow will be unaffected. If turbulence levels exceed T then a large

“transitory stall regine will only occur at higher orea ratios.
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i e AL MUBL WhLLES St BE bhalr L0W ibulece HIVEISLLIES \ N o9)
will have little effect but with hign inlet turbulence intensities ( %)
the -onset of stall is delzyed end therefore p:esm;z‘é 'réc’overy may be slightly
increased. .

1.3 ' / . Diffuser Performence.

‘ 95118 e{;/al éhcw con'clusivel:} that optimim pléi'fo.z'énéhce bccui‘s at low
area‘ratlos, (2 $o 3), divergence angles bet‘veen 6° 1o 10o and a thin mlet
boundary layer. . | They also conclude ’ch—jc the optlmum pressure recovery
occurs in a large area ratio dvfluser, (c.ppromately 3 ) c«t the onset of |
slight flow separation. Iz, however, flow senaraulon uncree.ses presmre
pressure recovery Will‘fall. ¥line et 2l postulate a- c;'l bman for the det-—.
échment of’ th.e bouﬁdary le;y'.sr, vhich correlates the peak I‘ecove;r'y geonetry.
Their criteribn is that the flow will leave the diffuser ’nll when, ‘che local
momentum thicknhess gradient reaches O 012 1e§f O'.012.‘ This they call
'their detachment. criterion and is derive'd in Tre’f.‘ 2 éh;aptez" Se
1.4 Reyaolds Iumber Efi‘eats"(v‘ie)"

‘ Reynolds number for a diffusex' is gener’ally based on the inlet width or |
diemeter. Kline in his extensive worlf on two dimééional diffusers assumed
that Reynolds Tum ber (vased on inlet width) had no sw gnfw cant effect over
the range of his tests. Although the Reynolds lumber dld vary, Ilme carrled
out no tests to substantiate this viem. ‘CO"YRELL' and IiﬁKLﬁJﬂ)zg conclude
that Reynolds Fumber is only important in 1ts effect on, the size of the
bounacry leyer tnlcmess. ' N '

" Similerly FERFETT 21no‘l:es that in theory for a,giwi«'an diffuser geometry
J and upsirean conditions then a veriation in Reymolds I'.;t.mbér'_‘v:il‘l very the
inlet ‘oomﬁdssry .1&,‘[({? thiclness, and theréi‘ore peri‘ormahcé;- Secondly he points
out that for a given inlet boundary layer thiclmess thei‘.;-%:eynolds Twaber lv.rill
‘ai‘fect'the rate of grovrth 6:[‘ the boundary layer Withiﬁ fhe-difﬁzser and ’11ep§e
perfornmance. Ee goes on to roint out that il one cons:.dcr_r's a s:T_fnjﬂe D wer

. law velocity profile then it is evident that as Pezmolas 1’umbcr increases

*
then 26/V\,11*:ill be reduced. This trend is shom in hﬁs m:ne_ :_*nea'sd vorh
where he found ;/1/( end Cp to increase until Reyaolds humbetr 1*eaf~nes 2 x 10°

’ A\



after which he notes thzt :i’urtﬁec increzses in Reynolds Fumber ;:roduée no

detectzble increases in Cp oriqu_. ) | |
RIPPEY |, found thet Cp was essenticlly constent in both conical end: two

dimensional dif*"users for a variztion in Reynolis Iumber froam 8 x 104 to

6 x 105 . GIBSON T in 1910 also stated that he found no cnange in pez‘fomance

with Reynolds Iumber over uhe range used in his work, (4 x 107 to 2 % 10 5)

12
- but gives no further information zbout his ues’cs. YOUNG and GREZN did tests
from Reynolds Xumbers of 1 x 10 5 0 1 x10 6 and their data. shows that up to
~the transonic region the: ReJnolds number effects were negligible. ’.13& =

13

and ¥LINE! , end FOX and XLINE ~did not find eny variation in performence with

Reynolds Humber, although the bests wre confined to Reynolds Humbers of 5 x 10°

to 2 x 104 |
Kline, how_e%%er,, sugges‘bsr three possible effects on performance of Reynolds

Number variation,

(i) If the Reynolds Fumber is below 2 x 104, then on increase in Reynolds
Humber .will produce an increase in performance parameters.

(11) If Reynolds lumber is above 2 x 104 end either a jet flow regime exists
or the performance cherateristics have not reached their optimum values,
then there is still a slig,hfc Reynolds Tumber dépendence.

(i.ii) Optimun performance is independent of Reynolds Mumber,

" pupmiTmo4 did publish some data on Reynolds Mumber effects, (shown in
figure 8). He showed that for & perticuiar diffuser (AR - 3.33, I/w, = 16,67,
24 = 7042') the maximun rressure coefiicient, Cp, , increased by 2055 .as the
Reynolds Iumber increased from 3 x ].O3 to 3 x 104 .; As the Reynolds Fumber
was increased a;O'ove 3 x 104 y 'Ehe increase in CpL\vas much reduced.f | The max-
irmm ;Rey'nolds Tumber was 5 x'104"".' This value corresncnds to the lower limit
used by most workers in the field. |

It is important to note that for many of these reported tests, particulerl

. those at low ’Yeynolds Tumber, the apperent effect of peri‘orua.nce was not sinply

due to the transltlon of lamlner $o turbulent flosw.

.5 . , ‘MTailpipe iddition. |

1
’

The effect of tailpipe addition hes been investigated by numnerous workers.,



0.%
T3 g 6 8 10 15 Py 30 40

| Reymolds number x 1077

cpr(tailpive recovery) / Reynolds nuzber (From HUDDITO)

t

T FIGURE.‘....B



The first being that of GIBSOZ.% who used the tailpipe pressure to commute
the performance of his diffusers. |

| . From his data it can be estimated that his tzilpipe had a lengvh of
:appz'oma'tely-two outlet diemeters (/ = 2), and his optimum tailpipe pz'essure
recovery (Cp,_) ocaurred Wluh a d:.vergence engle of 11° (with two dimensional -

2 et al also did work on the effect of constant area ducts

d:.fi‘users;. : KLIA;-E~
. following the diffuser, He postulates that the pressure rise in the first
part of the tailpipe is due to the increased unifornity of the velocity profile.
" However he concluded that the value of pressure recovery (Cp) at the exit
I;lane of rthe diﬁusez; was independent of the failfipe to v,*ithin' the uncertainty
of the data. |

The fraction of pressure fecovery which occurred in the tailpipe (A cp )
vas small (up ;co" 773) for diffusers operating without flow separation.
However it increased as the amount of separation incre;ased unt.;il transitory
stall was established, vhen it wes about 209,  REID-Cshowed that the addition
6£ a ta,ilpipg improved the performance of the diffuser and increased the
'.;liveln;gence angle requir:d for optimum performance. EUDD-'IIQOA’ aiso found that
the pressure 1“ecovm:'y (Cp) increases when a tallplpe was added to the dlfi‘user
(showm in flé}l_e 9 and also floure 5)e For a diffuser of L/w, = 16,67, 2f
.-_= 7°421, and en area ratio 3.33, then the maximum Cp, occurﬁd in the tail-
plpe at 3.5 exit widths dowstream (/}. - |

. COCYAELL and MARKL! \TD29 also foumzi thet for a configuration of 15
‘di'ygrge'nce angle, AR = 2,25 with a fully developed flow, the addition of a
."_"bailpipe increases the overall recovery increases dramatically by about 607%
| KELWEOFFER and DERRICKs state that performncé increased by the addition
- of é. tailpipe of 6 hydraulic diameters long. Kline in discussing Derricks
paper suggesis that complete veiocity transverses of tailpipe and diffuser
could be tzken and wouid be a worth while topic of research.

.CI0ONLLD and E’QK’loboeﬁ“vea that such large v&a.atn.ons occurred between

plenunm discharge and ?ai_lpipé that ’phe use of pienum ‘dishcarge data to predict

tailpipe dischsrgse performance could lead to serious jerrors being incurred.
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In conclusion it seeas generzlly agreed that the additios of a tailrire
erformance, {except at very low divergence angles) due to- the

will increase per
improvement in the velocity profiles in the tailpipe and the subsequent momen-

tum recovery.

->



Chapter Two.

THE PRESENT TIVESTIGLTION.

IL.1 Main Indicetions of the Review,
11.1.1 The Diffuser Geometry. - |
Most of the /x;.;orl: reviewed in chapter I was coi;éérnéd with either_ﬁro
dimenéy;gnal or wisﬁehic difiusers hzving plenun or jbaiipipe discherge. g
' The verious divergence angles and area Tabios have t;een' covered com;i‘éhenéivéiy.
1T.1.2 Diffusezl performance | |
The previous chapter indicates that the optimum ?érfofma_hée occurs waen the
divergence angle occurs :between 7° and 10° and the area iatio 1ie§ between
two and three for a two dimensional diffuser. The actunl ahgie and area
ratio is dependa?t on the -inlet and outlet condi‘cioﬁs, ei‘fectiveness decreases
for area ratios ébove two and pressure recovery coefficient (cp) dec;;'eases for
aréa ratios above three, also an increase in area ratio appears to pi'omo’ce
separation.v The effect of the 'd.ii‘iuser inlet \bouﬁdary layer thiclmess is
reas:,or;ablg conclusive, As the boundary layer ’thickens s it adversely affects
the. diffusers overall performance, however, it must be" ﬁoted that the method
of boundary 1ayer‘generation co;.lld be of some impo:_(‘tafgc:é due to flow turbulence
ef?ects. . - | |
The presence of a dovmstrean tailpipe appears ‘to. increase performance in
high erea ratios, high divergér}cel angle difihs*ezfs.‘ :; Ho‘v'vgever the developing °
velocity profile within the diffuser (and t—ulplpe if f'i‘{:ted) appears to have
‘been lergely ignored. , . | ' | V
| The effect of Reynolds Number (Re) (:oased on inlet 'widtli) e:ppears a little
uncertsain, since many workers have assumed i’cs‘ effects ‘Eo.b_e .negligib‘le buf
not carried out tests o ;rez'ify t’ﬁeir assumptions. It f{oﬁm however, appear
that most workers have assumed thet for Reynolds Hu;n_be:r{s .'(Re) above & = 1¢ &
the effect of Reynolds Hum r_-rv (Re) is small. Tnou{gh'th_é'in“iet boundary layer -
thickmess would appear to significantly affect this poin’f .o£ independence,
| The effect of turbulence intensity hés not i‘ecei'\vre(i"{;;ﬁ_xﬁ[clf;’ifaﬁltention, ‘how-
ever, ’ghe work done on this seened to be in agreement“as“ _j'b_o :.'Lf;_éf‘__i‘.ect.



For values of turbulence intensity less than %5 the performance will be
‘unéi'feéted', 4above &%, however, the boundary layer stability ;i.S im-roved az.1d
-~.thé 'ons,etb of a *l:r;ansitory stall regime will tend to only occur at high area
' "fatios.
I1.2 - ~ The Pre,sentinvgstigation
It has beeﬁ’ shova by the litcrature survey that a diffuser with plenua
: discharge has an optimun geometrical configuration (for meximua rressure
recovery (Cp) ) of aprrozimately T° divergence angle and an area ratio (43) 4
'of 3, A diffuser w:'g.‘cﬁ a tailpipe fitied (i.e. a parallel duct mounted
dowastream of _the diffuser exit) has.an optimlllm_ congiguration o.:£' 10° aiva'gence
angle and an area ratio(AR) of approximately 3. . T4 has however‘. been noted
that the devélgping velocity pi'ofile within the diffuser and tailpipe has been
largely ignored, élthough sone workers comment on‘ the u‘sefulnegs of such
information, This is surprising since it is the improvement on the velocity
.profile of the tanl.ipipe' vnich yields 2 bpetter verformsnce for the overall |
tdii‘ﬁlser tailpipe combination. It was thefefonedeci_ded Yo :'nvestiga’cé, both
,theo;étically and experimentally the developing- boundary layer paramcters -
" within the dif;‘user and tailpipe and their effect on the performance parameiers.
| Aiso the effect on the overall performance by the addition of a tailpipe was
investigated. ‘ ‘
For the theoretical investigation the Integral method used by Ferrett?!
\;Tais further developed for applica’cion to two dimensional diffusers, both with
_:and._withou’c tailpipes. This method is based on the lomentum integial equation
 exid uses the concept of entrainment as posiulated by Head for the "auxiliary"
equation. Fowever the assumptions of the Head me’t':;z:od are only valid if
a substantial potential core flow exists at all points in the system,
Therefore recordings of the developing velocity pro'file enabled the potential
core 1o be measured at v_arious stations along the diffuser and $ailpipe. A
preliminary in‘\.iestigatiqn was carried out on an exisymetric parallel walled
rig, to detérmine ’che,lemgbhf of inlet pipe required upsiream of the diffuser
té proc’luce the I‘éél;ﬁed iniet bbﬁndary layer conditiéns. - With @his data &

. o



rig was designed and constructed to give three differeat diffuser inleb boundzry

*

layer thicknesses from2%= 0.01 to fully developed (28 0.11); turee

E vdivergvez‘;_c‘:_é an‘gles'oi‘. 50, Z:Oo and 15%; +two area ratioé for each divergence
_.éhgle and either plenun or tailpipe discharge. The rig was also constructed
‘ so that veloé_ity In'averlses'cotild Dbe taken at verious stations along both the
diffuser and‘ tailpipe to facilitate investigaticnl of the developing velocity

. profile. | |

~ With this ri‘g‘all thirty six different confizurations were tested and ilhe

.developing velocity p;ofileéme_asured. Also a test to determine the effect

of terminating the tailpipe at the maxdimm pc‘éssure position was‘ peI‘fbrmed.
Tests vere also carried .out on one configuratia to determine tl\}e effects

of increasing Reynolds lumb<r on performance for the three different inlet

boundary layer th‘icknesses.



Chapter Three.

FIOW DEFINITIONS D PERFCRIANCE PARLUTETIRS,

I o Boundary Layer De.finitions.v |

| ‘These bou.nc'l‘ary layer defiriitions are true for two dimensional flow
only’(i. e. flow pgrallel “to and perpendicular to the flow direction in one
plane only). Fﬁller derivations cen be found in appendix 8. ‘
ITI.1.1 Displacement Thickness (5")

This is defined as the distance bj which the wall would be required to
move towards the ceﬁtr,eline oi‘ the difi‘uss—:r if there weré no bou_ndary layer
p‘r’esent (i.e. flow ve1001ty was at the free steam or centre line value at
all points, u.nli‘orm flow veloc:u.ty) to maintain the same mass flow. This
is denoted by' the s /1ol & 2nd has the value J (1 - :0 Yaw.
II1.1.2 Xomentum Thiclmess (O )

The homen'bum Thlclmess has no strict physwd neanlng as in the case
of'g , though for the t-o dimensional case it can however. be defined as the
distance by which the wall would have to be moved to maintain a constant flow
of momentum flux past the position if the flow velocity was uniformly at the
mainstream velocity.  Though thls does not hold for the a*asymetv*lc case.
For two dimensional flow ©= fuo(l -4 ,)dw, Momentum Thiclmess (B) is
Strlctlj tne distance the wall would have to be soved, to pass the deflCmey
in momentum flux through that. space at the. ;zaln_stream veloc‘lty but for two
din;ensional case the distances are the sazne, but ’?hey are not for the sxisy-
metric case. |
I11.1.3 Shape Factor (m)

This is the ratio of dlsnl'xce"xent thickness (6) to momentum thickness
. (6) and is deaoted by the symbol H.  This is an important flow parameter
sa.nce it partialiy defmas the shape of a velocity profllgrgan be used to
give an indication of the onset of separatlon. Th:.sAgenez'ally accepted to

occur wvhen H exceeds 1.8 for non diverging flows. For diverging flows values

of H in 'lme region of 2.5 to 3 may be obtained before separation ocours.

!
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If cen also indicate flow irregulsrities and asymmetry.
111.2 . - o Flow Properties.
;'11'1. 2.1 lean Velocity.
' i?or'the purpose of this '.vork the mass averaged velocity u was used waich
can be deu.ned as the veloclty requ:red to give the szme mass flow ¢1ong the
duct and’ tnerefore mst have a value of G = 1/(’Wjeudw, therefore for
) n.ncompress:Lble flow would have a value of T = 1/wf‘ vdw. Since this vzlue
is obtemed from mass flow equivalence, a kinetic energy errrection factor X
mist be used for klnetlc energy equivalence (X= X Sw dw) and similerly
for momentum flu;: equivalence a momentum correction factor @ rou‘d be requu‘ed‘
(@ WS v dW)

IIT.2,2 Flow Steadiness (or Unsteadiness).

\

The unsteadiness is usually quoted as the ratio of the maximun fluctuation
in the static pressure to the mecan static pressure i.e. unsteédinesw(pmax -
7 min)/ p]
111.2.3 Reynolds Number (Re).
" The Reynolds Mumber for the present investigation is determined using the
nass avera;fed flow velocity at the inlet to the diffuser and the viscosity ,
density and tne width at the diffuser inlet station: (Re = @ u W/,q,
III. 2.4 Fluid Properties.

" Since the flow velocities are low, any local Ma-ch‘ number will be less than
6;‘25 and the flow may be assumed incompressible. This implies that temper—
'a“vlm_:_res‘are constant along the duct anu tims density a.nd viscosity .v;ariations
may be ignored. In addition static pressure and temperature msy be assumed

t§ remain constant across any cross éection. )

It may be noted that errors will be incurred here particularly in the
case of density since .static fressure is not constznt along the duct, however,
the error is less then %7  This error could be eliminated for certain
perameters using the static pressure at ’che. roint in question for the calcu-
lation of the density insbead of using the inlet station velues.

|



1.3 " Flow Reginmes.

There ere three basic regimes of floiv, these are;- 7
(a) TUnseparated flow, this occcurs when the bqun&é.fy Layer remeins attached |
to the diffuser wall ot all bines, | o -
(b) Separa,ted flow' It is generally accepted that thls occurs '"hen the
boundgy layer becomes de’cached from the wall (thouc,h 11; may re-at .,ahh at a
later stage). N
(¢) Stall; This occurs when a stagzaﬁt recirculating flow is presenf and"
the fluid near the wall tends to move upstreaa. Sfali is an edvanced stagev
of flow separa’clon. |

There are various degcees of stall and sep aration mth:.n é. d:.fi‘use“ buf
the two preceding definitions are generally used to discriminate between stall
and separation; ‘ | |
- IIT.4 _ Turbul ence Tntensity.’ |

The level o:i' turbulence préoent in the flow "is expressed as the R.I%S
vc.lue of the flow velocity ;luutuatlons, \/J-? to the mean veloc:.ty of the
flo*v 0 y l.e. \/7} this can be seen in f:.g;ure 10.
II1.5

Performence Parameters. (

«

The performance param~ters chosen to be of i.ritéi‘ést in this invéstigatiozi
were:- )
(a) The Pressure Recovery CJei‘flclent (¢ p) , '-; : \AV'
."'hls is defined as the ratio of the St’ltld pressu*‘e rise between the dlf“uoer
.mlet and another station dovmsiream, and the mleu value of ¥ @ U; of
the fluid, where U is the mass aver aéed veloc:.ty_and the. refore % z Qu.i
is not the true inlet winstic energy of the fluid, ' ‘
Therefore Cp = (p - ‘pﬂ/' Q&,Z. |

This lS the paramoter of gen=ral interest to ’che des:wn since diffuse:‘s
are mcluded to increase the static rressure at tne exoense of the flow

Yinetic energy’. Cp therefore zives a Q.llde to tne relgtmnslnp between the

two parameters.
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(v) Energy Corrected Cp. (Cpg ).

This is the Value of Cp previousiy defined_ but corrected for the error J.ncu.rre:x

' ’}by caleuleting the inlet kinebic energy with thé mass averzged velocity.

:This is achieved by including the kinetic energy correctioﬁ factor (o< ),
defined earlier os wa(v_,é)gdm | | _ |
Therefore Cpp can be expressed 'as:f Cpg = Cp/(x = (p- p,)/lz <, Q, G2,

C(e) Effectivéness of the Diffuser. (). -
Effécfiveness is'defined as the ratio of the preésure chanze between the inlet
and a dovmstrean sta{aian end the change in the "Finetic nergy" between the
fwo stations ;(Again based on mass averzged vélocities, therefofe; tﬁe
effectivéne;s is not a true energy efficiency). | |
7 = (p-1p) 3QE-RH")

-~ for ingompressipie flow can be expreszed as ‘

v = (p-p) £ Q @-9%or (p-p) FEUE(L-1/AR?),

| . The effectivéhess,'as its name implies :ives a rough guide to the

jeffectiveness of the diffuser in converting kinetic energy to a static pressure

'risé: Tais is not however én energy efficiency due to the error incurred in

- using the mass averaged velocities.

. (d) " Energy Cc;rrected Effectiveness ('IZE). . | |

Tﬁe energy corrected effectiveness of a diffuser has.the samefdefinition as

the'effectiveness exéept that the kinetic energies based on mass averaged

- &élocities are corrected by the inclusion of a kinetic energy correction factor
:§<,forvéach station, therefdre,ﬂyecan be expressed as:- | |
= (o= [ Be i - p G)

or for incoapressible flow o

= (p-p) fEe (B -Gl

oxr .

| n(ég CP/&(C%I;C‘A/Asty

(e) 1Loss coefficients,

The most general lossgcdefficient used (N) is expressed as:-
N o= 1- (p-pg)/%eaf(l—‘l/ﬁ«ﬁz) = 1.9 |

* - ‘A,



This expresses the loss as a total pressure loss fhroug‘a the difms_ér,
but as with effectivencss (41\ does not give the true energy loss since it
emnploys T,he m2s8s averaged velocity and would t‘le’rexo*'e have to b,ave a unifor:z:
flow velocity at OOuh stations .to give an energy' 7oss coei‘flclen'c. i
energy corrected 'botal loss coefficient is given by the'express;onz . |

Ky =04 - 0p = X (Al/A)




‘ Chavter Four.

EXPERDTITAT, PASTIITIES,

‘.IV.l ' | Choice cf the Experimental ‘I.Zig.’
The work of ¥line et al and. Yelnhoffer and‘Dc—:r'icI-: described in chapter
I, indicated th=t areas of intecest for optirmum diffuser performance were,
angles of divergence from 50 to 150 and arez ratios in the range of 2 to 3,
| It was therefore decided to coustruct a varizble geometry diffuser having
three possible divargence angles, 59, 10° and 150 and two area ratios, 2 and
3, To this was added a detachable tailpipe which could be varied in length
- 40 a marimm of 12 diffuser exit widths for AR = 3, and 18 diffuser exit widths
for R = 2. It was also required that the boundary layer could be inter-
changed at the inlet to the diffuser between thin, thick and fully develoved.
T'r;e method‘usec.i to vary the inlet boun'dary layer thickness was to mak.e
'i;he duct length variable. This pérticular méthod was chosen because the
duct could be constructed easily and significant variations ir; turbulence
intensity a.nd velocity proi‘ilevdistortion were unlikely, In addition the use
~of a duct‘ enabled a se-ies of static pressure 'Eappings to be positioned at
various stations upstream of the diffuser inlet.. Hence th.e effect oi‘.
streeniine curvafure on the diffuser inlet static pl;essure coulid be eﬁcamined
. and the static pressure reading cor‘:eéted by extrapoiating reéults ta‘a-:én along
'the @uct upstrean §f the zone ai‘i‘e;ted by sireanline curvature, For the
three inlet boundzry layer thicknesses, the inlet duct was reouired to be three
different lengths. The values of boundary layer 'bhiclf;_ness chosen (based on
~’l:he displacenent thiclmess/half‘the duct width) vere 0,01, and 0,06 for the
thin and thick bound:ary layers respeé%ively,, and.from a simple powei' lew
analysis a fully developed inlet flow was found to be 1.n the region of 0.11.
| To deter.:ine the .ac‘mal duct lengths required for these boundary 1ay'er
conditions a rrelininary M'fes‘;igation was carried out on a 3" dia:peter brass
tube.  Since these fesults were for an a:clsyx%“etric case the values oi‘Zc??D

. . * . s pn
were therefore smaller than required values of %As/,, but since this efiect

‘ “



reduqés with the boundary layer thicknéss a fair comparison can ve made if
‘suitable allowance is made, | | |
.2 | Preliminery Tivestigation

A brass tube shown schematically in figres lla "ana 11b, wes used to
carry out a‘preliﬁinéry investigation into the grorth of a turbulent bounﬂ,ry
layerf/i A pitot traverse‘(shown in figure 22) was located in tapnlnﬂ" and
traverses of the developing boundary layer made, (%he tappings are shown in»:
figure 12). The results obtained'(figure 13), cléariy shoﬁ that for a
~fully developed flow, 28™ /b = 0.084 for aﬁsyrg;e"criclcase, an inlet pipe
length of x/D in the Tegion of 32 to 36 is required. V:Tﬁeréforé, a value of
x/w; of 37 was chosen for-the tvo dimensional case giving a'2t§¥/w1 value
of 0.11 at the diffuser inlef. For a value of 248?/W1 of 0.06 the reiatiqn-
ship.shbws thaf'x/D values in the fange of 1i to 12 for the ay{syégtr*c case,
. give the requlred boundary leyer tmc’mess, ‘but since the two dimensional
boundary layer has a larger 28*/w, than for the axlsymetrlc case and the
boundary layer growth is slower, a value of l; was chosen, i.e. 1 metre.
For the thin inlet boundory leyer a value of x/w,0f 1 vas Ehosen this being
thebsmallest value allowable to avoid the effects of the boﬁﬁdarv layer |
trip wire. (The trip wire is descr ‘bed 1aterfiﬁ’tﬁisAchaptér). The values -
of x/w, = 37, 13 and 1 zave diffuser rig inlet‘béuqdérj layer values of
2,8‘"“/wl of; 0.11, 0.06 and 0.01 respectifély,, ;(Tﬁé full résults of the.
.preliminary investigation aré showa in apéendik,é.); éhese vglués of inlet
duct lengbh, determined from the nreliminary investization, were all sub-
stantiated by early tests on the main diffuser ernerlmental rig. |
};1V.3 - Diffuser Rig Design.

The.expérimental difliser fig,shown schematically;iﬁ.figure 14;consisted
of a radisl flow fen, setiling chamber»contractioﬁ and'éxperimental diffuser
‘Tig, From.th: previous work of other researchers“ suamarlsea in chapter one,

it has been shown that for sidewall effects to beuunlmal;‘the aspect ratio

(4S) should be at least six. Therefore, an inlet‘aspédfﬁ';tio of eignt was
chosen.  The width of the duct was determined from_pohéideréfibp of the
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mihim.m dimension which could be accurately t‘r'aw*éz;sed by a pitot tube in the
bounder} layer. To satisfy this objective it was decided thaf; the m’.dth. di‘
~ the duct would have %o be at least 80 mm., thus giving a duct‘bread‘bh of 640z,
The investigation was only" concerned with inéo:z;:réssible fiow (the mach |
number being less then O. 25y,  Tnis requirei a volumetric flow in the region
of 7,600 cubic ft/min. at d'eli'-fa'y pressures from 50 mm. to 250 m= water geauge
(the preliminary calculations made to estimate these quantities are shown in |
appendix 1). It was decided that the best means of acheiving this large
variatidn in delivery pressure, ‘Withou‘c resorting to a vai‘iable speed fan, w=s
by using' a 24 inch, baclward curved aei‘ofoil section radial -flow fen running
at 2100 rpm , powered by a 25 h.p, motor, with a radially feathering daaper
ét vthe inlet fto the fen. ; However it was found duripg mreliminary investigat-
fons t?at with. a snall back pressure (50 mn w.g.), the fan needed io be
damped to a very low inlet area. This cansed the fan discharge to becone
very unstable, préduciﬁg both a flow which pulsated severely and excessive
vibration of‘ the fan and the experimental rig. Thus it was found necessary
to slow the fan speed down to 1800 rpm. for the thin and thick inlet boundary
léyer conditions. This measure produced a stesdy and non pulsating flow,
IV. 3.2 Sett;ing Cheomber and Contractions.
The fan discharged through Va flexible coupling into a 6.6 netre x 1 metre .
x 2 metres long sebtling chember.  The settling chember (shown -in figure 15).
consisted of five sets of 28 s.w.g. x 16 me’sh‘wire gauzes and two 2" cell by
75 mmi long aluminiunm honeycomb flow strei:hteners (8" x 75 mn gives a cell
~diameter ‘b& cell length ratio of %4 as recommended by the National Physical
Laborztory in their publication H.P.L. 1218.26). |
This settling chember dvisch'arged into a perspex contraction, constructed
to N.P.L 1218 spe:ification {The co-ordinmtes of the contraction profile? are
g:i'v’en in appendix 1) to 'give' a thin boundary layer and wniform pr‘;.ufile (shovm
in figire 16a) at thé exite. In order to ensure that the boundary layer was
turbulent on exit from the contraction the boundary layer was ftripped'.
From Pgnkhurét and Holders text "Wind Tunnel Technique" it was calcﬁlated that
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2 boundery layer trip wire of diemeter (25 m: at the contraction exit plzane
would be required to effect this, thus ensuring e;.‘mrbulen.t 'boundary i-ayer
on entry to the diffusing section. (caleulation shovrn in ia'ppendi'z.l). |
_IV.3.3 Diffuser and Tailpipe. | | |

The i‘low from the conhantvon passed J.n'GO the- mlet ducf, whose dimensicns
(mentn.oned ey 1ous1y in this chapter) were deter :Lnai bJ the bounu 7‘y laJer
thlclmess required at the inlet plane of the dlfﬁzser. Therr the flow
entered the experinental difiuser and tallplpe. |
| The inlet of the diffuser vas Siven a 12mm blendn'ng raciius on the corner,
| as ehown in figure i? . This was to reduce the p‘oodbllrby of the boundary
seperatmg f?‘o'n the wall on eatering the diffuser. 4 blending I'arl""us was
also given to the defﬁusa'/tallplpe Jjoint though the effects on the bound Ty
laya‘ here vould not be as serious as they could be at the inlet since a
. sharp corner would not tend to separate the bound':rj L.Jrr from the wall at
this point.

The alffuser/tallplpe rig wvas cons.,ruc’ced from 1" thlc perspex sidewalls
with slots milled along then, These slo ts enaoled the diffuser and tailpipe
walls, which were both consiructed of 3 n perspex sneet, to be located in :
position. Thls mabled ’che various conflnm ﬂtﬁon he dli‘fuser and
tailpipe (12 in all) to bve cn-anged qulc;»:ly. The val ls were sealed in the

-

slots by slicone grease and the joints tapea to nre'vent air. lewkege.

~

) .. The complete asoembly was secured to the mleu section DJ a flange at the

";:T‘_;.nlet of the diffusing section. Tie bars were used to clamp ’che sidewalls
and thus secure the vwhole assembly rigiély tozether., - 1ls can be seen in
figures 18 and 19. '
IV.3.4 Static and Pitot Taprings.

The velocity of flow was measured by a pitottrave:é*'se vaich was located '
in taprings as shown in figure 20. Initially i"r,'{i'as?e.n*éisagei to use these
tappings for 50‘1;21 the pitot and the stztic m‘esoﬁe"te‘b"inrvs, by incorporatinrr

a 0,6mm Gismeter hole in the lozabing head for the p:.tot ’srave_ se, and there-

fore %o obtain the dynamic head directly. Unfortunately a certa:.n emou_nt

!
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of interaction was experienced between the pitot -head and the static tarping
when the pito’c head was traversing close to the wall *.*rhich cau.sed inaccurzcies
ln the dyna._ﬂc head (shown ity an aprarent uls’cor'blon of the veWOc:L“y j1alo) ile
‘Tioure 21) F;.nally an mdependent- static tapring of 0.8mm dieneler was
incorporated as shown in figure 20.

iV.4 ) N , : .'Instxunmtation.

V. 4.1 Pito'i; Probe.

The actuel. pitot traverse was taken from a design' used by‘Ferre’ct21 in
his invéstication;into tzuncated coniecal diffusers.,

The actual ’)l'GOt locating head was larger and the pitot probe was of a
larger dlomater, 0. 6mm dianeter with a bore of 0.15 mm diameter. . This
was done to reduce the response time of the instrument and thuslre.move the
necessity i’or balmc:\.ng manomete‘cs or othqr' 7'anfra'xen't:s. Also a spring ¥
incorporated in the micrometer screw movement to remove any ﬁacklash. The
instrument is showa in figure 22,

fg‘he pitot was traversed perpendicular o the diffus.er wall since it was
the' bouﬁdar;;r layer wnich was of major interest, and the .cosine error at the
centreline was at a mxiwmum less than 1.  Due to the thickmess of the pitot
‘prove tubing\(-O.Sml) some rotation of the end was experienced due to drag.
| Tais wes caloulated, (shown in appendix 1) and found o be never more than

220! which gave an error of 0.08% end was neg 1ected.
";V..4.2 lanometers.

The pitot probe, which was described previously was connected to an
"f—‘Airi‘low Developments" manometer greduated 3.n 1.0mm's water gauge intervals
fx'om - 10mm o 600z, Tue to the distancc between the graduations, approx-
:Lmately 1.5mm, it is uniikeiy thei the readings teken are of a2 greater
accuracy than T 0.5ma ot wa*l;ver gange. The static pressure side of the
manoneter was also comnected to a T.,E.H4:3icrommzometer. | Tais micromanémetez‘
was graduated in 0.2m of water guuge ,hich vas megiified by an optical
systen and had 2 rangebof 0.0 to 600.0 mm of water {l;auge. The probable

' Co . o . + o
accuracy of this instrument was in the region of = 0.1lmm of water. The

[
.



83

=& &

) ') )

* 4+

/. + 11

) +[
* 1

RUH& & & ?

C**

66

HI 8P &H

1A <66 6sH



.Diétanqe}from_wall (mm)

80

0

&

b

B

o
o

10

BERN

‘m )
30 40 50 o
Velocity (n/s)

ot

VEIOCITY PROFILE AT JYIFT USTVA 7050

70 80

CCETTED PTTOT

STATIC S™AVERSE TRA

FIGRY, ., 21

e

T

RN

-l



-

small inaccuracy was caused by friction in the slidving.glass g‘aduated suspéndeg
measure and flpat systeﬁ. '
It was found that o considerable bime Jdag was mherent in the sys‘ce.m'.due

.to the small sizg of the static pressure fap::iné; (0.'8;3':3)_>and j:h_e vo’f_.u_fne.‘
within the'miczomanomé;aez’. T‘nis nad the effect of aa..‘pdng out smzll pressure
i‘luctuations/:‘i.n the systen‘l.’ This demping could bé increased if necessary oy
incréasing the restriction in the static pressure li‘né»byv t‘;'le use of a w-ra':tv‘e,.'
Due to the small size of the pitot probe bdré, t\heﬁé vas aisd a considei'a‘qle .
time lag 6n this side of the differential system which could alsvo be increased
i‘urther by the use oi‘ a, flow restriction valve if necessary, thus giving the
effect of daméing out small pressure fluc’cuations’. It‘ was therefore found
unnecessery. to additionally damp the instruments :oy ’ché use of»reéervoﬁrs.
In addition to‘ these two rﬁanometers a 36 tube multiﬁzbe manometer was used aﬁd
attached to thé static p;'essm‘e tappings.' 'l“pis was énployed to determine
the most important positions at vhich to make vélocity .tTave.arses.

. The layou'ti of the fresure measuring systems ‘fihich were used are shown

schematically in figure 23.
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