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Aa .\mumuu of. m mm of fine sareens 10 vide-
mgle mNtmnam-ﬁu- A% ves reported by
Belelles nod Nichols {refersnce 1) that the .rrm«m of s
d1ffuser vas upum bZ s soresn seroas the dovnstrecs end.
Velooity nw-mu showed that the r--zssms focascd by
he serer= amsleted II the !nnllg of the Jiffuger. The
sffet was later confirmed by Bquire and lloa, (recerasnce 2).
Nons of tha hvuﬁntm. however, studied the effzot tn
 sufficiemt detess %0 explala bev. the £3111¢ vas ezeomlicied.
BeP vhat -mnuu-nu vuu un thn best rarulia, Tha purpose »
" of the mlm m.ﬂlgauon was ﬂ.rat to gein on cr.dzmt.md!.a'

of the prooess, and sooond to dlscover the praesioal jossi~
Bilities of mnlw-un. combinationd.

The greater part of the experisentsl work done s for Nas
béea te atudy the flow m with single mareens spsnning
various sections of » contosl diffussr. By saking detriled
surveys of ' She Adynento and rtstic preswures 3hroughout the
utttur. punuuurl: 56 tha: umu of a soresn;. m
astion of the m mﬂ the nrunl by which 1t émrx!mtu
the £low hate besn lﬂt oleawi: A trief dlsousslen of this
asphes of the predlem will be givem lNere. Details of the

. experisental results will be givem lster in a comirshensive.
- Eimsl repurt.

si111”
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. umtm »n_ .mtnm u.n un n otjntuun- puhnun.
mmmmueams-maommum
ymoli ﬂamﬂun -mm of sudh wide angle that
u-m-uucmumm. Bnce 90 zuch depends
o this cusstion, & brief d3scussion will de given of the
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A = erose~swstionsl ares of duet or Giffuser.

P8 « flow of petential energy.

2B » flow of Xinetle emergy.

Subeeripte o, 1, 2, ... B when used vith q, p, PE, I8,
ad A refer to speoifie M'll’n:l. ess Pig. 1. Tor
sxample, q and p, are the dynsuie and static preseures
ummammmuumamr.

G © Teference premsurs, Actuslly this 1s the pressure mp

scruse the entrsnce cone 8, Fig. 2.
AP = olisnge in ststic pressure saress & ssreea or betwaen
$we points, ths points being dasoted By subeoripte.
k= pressure~drep mzm-ns of. sereen.

B © mmber of eoresns. :

2 = £38io of turdulemt fluetusttens downsiresm fTom &

susbep of soresns to the fluctuatioms upstress from

The excerissatel arrsngmsent for stwdying diffuser-screen
voadinations 18 shova in Figure 2. A oentrifugil fam ot the
fay ond drive the sir thvough the system vhich consists of &







e
the visd epsed (or sore sceurstely stated, ca the Beymelde
Busber) se well 20 on the solidiny.

The esreene were installed cne at 8 t16e in Yariows oruss
seesions of :nournm-. and for esch sorsen in each position
surveye of the &ymamio mam md statio pressure vere made
hroughout the diffuser. A specially conssiucted pitot=statie’
tude of emall ‘Qm; wes uged go thel pressures could bs
Bsagured to within one inch of the upstreas side of = soreen
sad to within 1/2 inoh of the downstream side. All rums vere
Sede vith s satrense Guot length of 8 dismeters {12 feet)
end AR eatrenoe. velooity of sbeut 100 £e6S ner second. - By
touo'la‘ thie somewhat tedious rPoosdure such was leorned
 abowt the so-oelled ‘tnua" process snd phenomens appeared
Shag were no$ at all im nocord with nrevicusly tonosived nosions
on:the mdleot. For example, it wes sssumed thnS, with a sorsea
placed in soms geotion of a diffuser where the fiow would
Boraally be separated, mmamdnpmutm soreen
weuld foros u.ammwmm-mun induce a flow
in reglons where none existed before. The effect was assumed
%o bs snalogous to rembvsl of wake or boundary layer by
swotion. This comcept wea Desed oR the suzposition that the
WNMMuoomnh oonstaat o¥er any erese
sention. >hem méesuresests were sade with a sereem plaged
asrose tbe extrems Sowastream end of the diffuser (which vas
the £ivet arreagement to be tried), it wes found theS: the statie
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$IoUrEre was 35 frem somstest cver s oross shetion, Dus vas
mnmmnm.smmmmamm
ﬂmmttbmuwunhmm«»nm The
lu!m A strste mcm aoroes: zu -mqn at any point
, ut:utnul. ta luul the looed mc prtnlu-o. Ascord-
blu.n where the nzun: ulnn, o8 In the Gend pIF regions,
ﬂnnm u wum ‘dno .u Wﬁ; no suction sffeot.
m seperation um »n forwerd in the ALfunce {adous
5 lllllu from ﬂn -%nuo cnn.x this ‘9ac® corresponded rparoxs
unm %o that et 8 jet uysa;n. -mlnst the soreen, Tha
amly. offass of the soress thst in any n; npmaame s :mu:
lttlct ves & lturpn« of this Jes an 3% lpmcm! the sereen
aad 8 unuutm of the u.vm on the m-tru- sides
5 Ahu' seversl soreens vith a variety of cosfficiente were
unmg-ut in the downstresm ood of tlu m:uur, the sane
Toutine was repeated ot 6-inoh mcmh teken srogressively
tmmzmmtm. uum:mom-num
duﬁur 8% » $38e. In all casée TAd effeot was essentially
mmm.aamamomummama
lmummdAMQJnMaMMdlm
of the stresm oa the doumstrecs side, The dead-air spsees.
¥ere edused by the mpresiing of the JO% tut stherwiss apoeased
%o be umaffected. Since laserel spresding was rapid mear the
sorees at the mer the jet, ths -tmmunl to sprest
repldly cn the downstrean side end i nearly ell oraes w
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mmﬁmmmnm
'tlnnon. Mmﬂnlaumutn

!ho _sereen tluutm

revented. h’g mum-udu mw-l diffuses the sereen
--“ 011! l zmxc of% of the umuu pous (- few tnohes

“nn -I.Mt lmﬂtxon. Mtunx thers -x bo ‘all
m of nxnu. tru 8 _nesrly stagiant regioa near the wells
vieh am s-omn uzoen: dlstribution charaateristis of

w-t -mnu- to ¢ conditiom u,;mm a thin boundary -
'm,vnla nan:oon; grdsent aser the valls. In orter
__uuv-mnummnumm e rmuumzmuuu

~ defined as th oondttion where the ulooﬂr 6tstribution is -

' -uu.u %o the ALstridution just sheat of the daftuser,
Imuuu . su." mmtsa., ® diffuser 10 11104 throughous
-. the mmmm of axisl velooity ssrose say plane noresl
ummnm:ummmuuaumvmu
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& 8088108 of the parallel dwot just aheed of the diffuser.
B.ﬂMMum seresa studisd would fil11 she
41ffuser 1n sceordange with this dsfinition. Vhea & soreen
was pladed Just £72 snough forvard to orevent senarstion
AR the wpetream side and hnd g & valus high emough to keep
separstion from taking plsoe is the remsinder of the Aif-
fuser, the diffuser wes sonewhat underfilled abesd of the
fereen snd overfilled just aoft of the screen. Thd ters
*undsrf111e4® refers to sa altered distribution with velool-
$iss provertionstaly lower near ths well sad bhigher neor the
Seuter, and sverfilied® refers to the reverse condition where

.- 48 velooities are proportionately higher near the walls and

lmr An the center. These are purely qualitotive terms.
3% appeared, however, thot by proper cholce of k snd proper
plecing of seversl screens a £air sporoach to & £11194 cen~
ditios oould be resiised.

In all cuses efficienciss were caloulsted from the obsarved
otatioc o8 dynesio pressurs. The effivciemcy of & diffuser
is ususlly defined as the ratio of the incresse in the f1ow
Of tressure smergy to the lose in the flow of kinetie energy
on passing through the diffuser, This definiticsn wae adgoted
ia the preseat woek. Local efficienalss were defined in terms
of this rrdio Sakem Detween any twe creoss sestione. here

. the m and dyasaie greswures varied over s exoes seedies,
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mnaum-lmmmmhunuoﬁmu
i'm Lessl sffieleseies ware found S0 be Aigh in
mmammmwumwam. provided
ummmmm.numummuom. As
tbe ﬂ.nd condition was nmm betveen any two croas
mun, the local afficiency there approsched 100 peresnSe.
Mmtlu llmltull mmw» soream
m of the drop ia statis pressure umaa the soreen,
lhlthu 1% may be uuluul Shat tbe np&tlun loases
u-uuumunmnmm-.

- lh-mcmnlum nnl:tormrmumor
mnuutouuuwsmmlupuduo
or uhlcl & k value ss possible conaistent with the silowadle
mnm rotio of the tumnel. ¥hem selecting a
diffuser-ecrees coadingtion for the redustion of turtulence
muummmvmmmmnms
mmnummu-ummm From the
nultt vn.th single sorsems A% m svident thnt & £illed or
ﬂﬂﬁud sondition weuld lt‘btlllnﬁ. at lerat ia the portion

vot:numur-normru-nmu. serely dy using esough

serems. hnmnumtumnamuuluuuw
ef:homumutuwom.oumunmu
muamxwmummcu-qnuaotkvnu--
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Pir sxangle, » £11108 sondision cbtained with meny servess
of low X value would produes higher efficismeies than few
_ seresns of high X value. It sesmsd mest. loglos) therefors .
te destds on the effiolemcy dssived snd them sim for the
§P0atest possidle turbulemce reduotion under these canditions.
- In most soderm vink tumnels the ratlo of g, %o g, (Fig. 1)

40 se msall that q, 39 u.nmbu factor in the power con-
muption. If thes the fiow of Einetie sasrgy in section o 1is
all that is lost, the mrice in power coneumed will probably
-summamtw the privilege of using soresns.

Is feens yeasonshls therefore to qud.n only that Shers.
' Mhummn-tum-muaduuur-m .
wosbinstion. This means that a diffuser of any size® may de
ueed, f.e., A/a, may Lo as large ns dssired, snd that the
overall effiolsnsy is to be ser9. It wae Gvoided to sdopt
m-mwmu-tnumm the eptisum arrnngement
of sovemns in mu—mm ‘

On the basis of omuuuﬂowmum
Segae¥ d122user, 18 appeared t2at a’féw eimple relasions
uan-n-to govern the sslsotion snd plesing of sereens
in s diffuser to attein the oondition of no prasswre drop.
The relations »ill be valid caly if the diffuser is filled.
Vhile results with other diffussrs would be very helpful, it
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m m tl ﬂﬂltl aow mamu tln mun; Lo alvays
mu uum vith a ntuuun: m:mu tan b
m mumnm-nmmu the per-
ammmuuuunmo:mknnlmu far the
m-. -mm-am;ummgommpum
mﬂ IIII the mtm ot W ntlm ﬂam
e v velootty. atsrivutions 1o all mum- of the
mhm lﬂ lhu.lr ltulcd und:tlon) o She axial veloeity
in. lsn’nnt ununm ie nvu-ul; pupornanel to ths crees-
”outtlul lru. Il' tho unry lodses u ngzam not occupied
by mm -n uomubh, the: total predsurs along en‘l "
cm 25 ‘comeSant until s mca 16 met, and tho stetis
preswmre riss zr_g- ssetion e,to sestion 1 (Figure 1) 1s givea
i _ _
' | APy = 9, =@ ' (1)
Alu. - uﬁuﬁu any m:u-u betwesn tos tnm nud.t:
end the' un:l. nodpmaayl '

ql_h, - Ul./ﬁ)' | (2}

n-mmm
n.:-s[!-(x‘{” o

, lmlnmhhm-tmmmommp

mnn:m-muam. ltllntupnom-dm
-aﬂdmec serein 1, the pressure drop Lo gives by Eyqy,
mmm-muumummum

s
uthior
Chief, Rteyeofds & Declass Div, WHS
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naaf2 -(;}).] m
By asens of squation (2), equation (4) retases te
M/, « (ag + V2 ' (5)
IS susecesive screems are positioned by the ssme rule, 1%
follows that '

B ), g-u,m"‘. Y R T

Thus the erosa-sectional arss and consequéntly the sxial
position of esch soreen 1a determined in terms of the k value
2he overall sres ravic 1o

a/A o V) VR |y )12 n

ar »-,/A.-tm)’ (8)
A all of the k's are the smme. This ¥ill be approximstely
the diffuser 1s specified, the number of soreens is fixed by
K. PFor szample, in the present diffuser ¥ith Ay/Ay = B, the
the fellawing swsbers sre fousd by squatics {(8):

' A Sysher of seceena (al

Oiﬁ

2
! DECLASSIFIED IN FULL
Authority: EQ 13526
Chief, Records & Declass Div, WHS

Date: AR 2 7 202




i3 ,
Vitheut aéfitionsl nforustion, 1% would nok be knowe

VAOMMOP 10 use I seres vith & X velue of 15, or 7 voreens
vith » &k value of 0.5, Pop m‘a‘o"-upumnmunm
selatively thick bowndary layer m‘uu dF sa sntranse duot
leagih of 8 uunm. sncugh. informstios vas alresdy avail~
mm-wn-un.m. utnu hllllt mmuo
“ X valueg of 1.4 oF less. Amniul:r tlla nn"mgtmnh
murxmnsouinunnw.ypzmmtmpm 7
relations: m mtmo of theee twe -mcaucnu 10 taken

W in the tm u-u-n.
A dusiguer lacking seredynsmio data on his 41ffucer oould
G0 LI318 20re than obaoes PING seresas with the lowest
5611418y obtninable snd hope thef the k volues were sufficiently .
'lov. 3236e 1his situation 1s rather unssbisfactory, am

offors 1s being sade $o learm mare about the 1iaiding &
nh!llnhmu the diffuser and condition of the
enterang flove

Tvo arrangsments of MO snd 30-mesh scresns vere attempted
using the relations (6) for dsteraining positions. Thess are
shown: in Figures 5 snd 6. The ehoice of these soreens ves
asterained by tve objectives, firet'to ses whwther by
follewing Pelatisns (6) the overall efficiescy wewld be sevo
{sers overall atatio pressure drcp), snd second %G gut some
indiention of ‘the upper limiting k velus. With these twe
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u.nmnwmuuoummmrmm
. .of semeeas, as seem by the £308 thes the third Ao-meah sereen
mlo‘l”iﬂ ﬂot the Aiffuser and She £1th 30-mesh
suresn m - nt‘h Mn“ the end. ﬁlﬁt Ulﬂ'ld..l'
ltt-tul plu 99 m m.unnu, the right nuaber could have
besn M ‘ .
The m ﬂltl n ﬂuu scresns are sa follawsi
Wire siss Seldtty =
¢ x vpatreas dovmptrean

: ‘ Ath 5%

30 mesk 0.0065  0.33% 0.70 0.73 0.76 0.62 0.90
lo mosh 0065 A5y L1y 125 1.39

T Tne o2feas of: vslooity on X valus agcounts tor the

- inereasing k with distonoe downstyenms

The dinrtﬁtzﬁ_oﬁﬁrmno pressurd ancross sections A,

B; O, uad D are shown 18 Plgure 7 rnd 4. There 1s no evidence
¢f séperstion in either case. The exsot Gegres of filling is
‘diffiouls to Judge from Shese ourvas, bus qualitetively af
leass the 41ffuser would Be oslled "full® 1N both oesve. The
 d1s8PibuN10n of /gy is Tesarkably weifors in ssstion D,
- Carve B is oheracteristis of distridusions Just abend of &

,ltmtmnorota tiret nﬂnmuﬁut soresas
mtmml&wmwmmm This sheps is

& mapifestation of ourvature of the stirseslivss outvard toward
the walls on the spprosch te the sorees. In Mgure 7 the
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peints neer the 1eft aide of curves A mnd 5 show soms seatter.
This gestrslly indicates imstebility sad way mesn that the
flow shead of the firet 4O-mesh sorees is none too vell
attaghed. #ish the 30-sssh saresns, no unstesdiness or
1netebdlity was in evidencs. o

Tor contrset, the distriducion gbletned witBous sny
ssreums 1n the 41fTuser sre gives la Figure 9. The flow was

unsynsetrioal, and separation is indiecsed for distridutions
B, O, sok D, The msnometer eurged viokontly, shoving evidenos
of & .l—!uha of the strean fros ons side to the other.
Lo figure 10 shows tae incresse F...r-..ﬁ!.._o_n.?.nagb_.
snergy, vhich for a wniform g acrose & ssotlon s the sene

a8 the 14110 pressure riss, for 30+ snd 40-cesh sereens and
for no sorosns. The inerrase is expreased ss & nergantege

of the incaming kinetis ensrgy. The sudden drops oocur st
the soresns, end thé rises elsevhere are the resuls of
4iffusion. AS firss 1t was though$ that values below sero
vers the Pesuls of usiag a k valse Joe the elooity ab the
ceater rether then x prooerly weighted sverags velus for the
seresns; Dus after loskiag into tbe matter further, 1S was

- feund that thie negative vslus resulted from ensrgy lossss in

diffusion rether nlunmogg -&.aa.asl soreens. A
large vert of the loss in 4iffusion cacurs shssd of the £irss
. sereen.
DECLASSIFIED IN FULL
Authority: EO 13526 .
mzﬁ. Records & Declass Div, WHS
ate:
T MAR 27 2012

Ta te s ewe s v e e p— e




A s B

 Pigure 1) ebows the dceresss ia ri‘o- of kinetie enargy,
unn-u as 8 mmm of the inconing Kinetis esergy,
‘for the m saresn -mnce-nn *nd no soTeens, together vith
. the m«x Mnn Pm»t nm with the theo-
Hﬂ-l oarre m luu pertegt £111inpg. The sgreemeat
m:mu Imeh:qtmmg«fw both the 30— and
lo-ut saresas.

lh Oﬂlum“l sre shown in. l‘lpn 12. Thees are nct

hul cm.muu but fianl lttuxu.xe: ap te 7 givip point
“ﬂ!m to l g!.m lllll Mltnlo'. ‘The *H-:ﬂ fioiency
uu mn La lcu thn un. ltu nhmt Amp osux-: .:t roh
' "-mn _and o8 e n:.atca out obove, the 4 ittlumn;m

- m no%- Mnu the dl'ops are tao gﬂat, but hecnap
the dtﬂum is:not 100 peroent o:nc:.cnt slswvhere 1o the
diffuser, The mlnnw ef the diffuser alone, se affected
by the seresns, wss: u:l.auuol from the results nnd is alee
.. nbgw. in 'w 12, 1% w1l be noted. mt the grestest loss
vum anl -z tu £1re% soremns '

Jm by the end: velwes on the um;u m-, at an

_-unnmm-nc;s iuches urumnwmn. the No-mesh
mul no- to e ﬂn mur obm " Tnie is nmauu.
m.mm-ammm seresn present im the
sase of the NO-uesh end too much in the ctse of the 30-sesh
(e60 last soresa position, Figares 5 snd ). The diffuser
egfiotency is Myguet Tou- Vo p--uh. and hrd the Pight smquat
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of saresa Detn ueed 1N both osses, the 3O meshk would have
ShoV. GupePic? performancs in svery resplot.

() The failure o end with 1670 stetie pressurs drop snd

sere overzll efficiency shaove the sonssquences of negleoting

: - losses ocutaide the plane of the serssna. Tha cuesilon naturally
; : ariess ss to how imporsant this fallure would be iz rrictice.
Figure 10 shows s loss of energy egual to ~‘nut 11 perzent
of.q,- It » uu one q, mey be tolerated, the loze of 1.11

@, should a0t be of too wuch concers. A-N'-.:.ony, for thie

diffuser vith an sres ratio of &, ng-.*p‘ix . Shown adgut 6

‘POTOSas of q  Fespininy; consequently «:13-1.05 g, 18 lests

DAfivasr-Sarsen Cosbianticas. ond Yurkulrence Redvatian.
IS wos not atended that turbulence mcssurenente should
Do made in conneotion with thls investigstion.

It &s
resiised, hovever, that s few such measuresents would not De
m

Ascording to reference 3, the twrhulsut fluotustions
are reduced an paesing through o sorees 1ia the retis

Uik « 12 ,
and 17 seversl soreens are used in tendem with a spasing of
several inches or sors betwasm thes, the freetional rwduction
over m goup is
re M)V i) V2 n..u"” (9
Belstion {9) e true, of course, only foP points far sacugh
dowmetrsan for the fine grained turbulence froa the sereens
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calfie

8 have o-.:mu m

frem om (D) ant (9) 18 Lollowe that

T re /Ay ‘ (10)

e latmmu nun expressed by squation {10} means
thet the Tedustion in tulnnm is independent of the number
ummmmn:. mmxumyan tha ores
Folls of the unum, mn soreens ure seleated ;a4 peelilonsd
fw un evmu pnm cnp. AsSuslly the tere pregsurs
d¥ep hea no 2irest bearing on squatios u.o).. he phystcal
Faanen for squation (10) s that the nrun heve Leen placed
=3 thet the fall in Bomn mu.n: fros. soreen to screen u
M oqual to the Tefustion 1n the fluctuitions seross o
‘sePeen. . Far the mnr-um ‘osbination s a rhole, the
aesn 'ol‘uty is reduced 1n the sons nﬂn as the t1uctunont,
wumwmup furbulence will be the eame in
moutma-mh.mum-mnuuuatm o
abived. of the screens. Ammnnumnnp Suriulence
ummmuucmmnum inersase
of sess. n:.ou‘tr through the' satrsnce eone, and the beneficial
sffeet of mcnpm in the larger ooutraction rrsie
-lh passille by e auum-. This manner of pregenting the
*f1808 of sereens puts. the motter in ‘terms foajliar to most
sngingers, sinos a large comtrrotion retio is usiversally
resogaized as ons of the best ways to cbtain s low-turtulece
vind tuinel. '
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Iz 4% 15 asmmed thet & slight reduesios is energy ratle
of o tumnel 16 & Sa1%er of sssendery isportamos, the scomomis-
85p00te of Aiffuser-sarees cesbinetions are mainly concened
with etrastursl coste. A gives ccatrastion ratio sede
POSeiRls 18 part by & vide-angle Aiffuser in the tunnel
eireuits 1svelves 1ses length of struoture than the. sase cop~
traetion ratis obtained entirely by narrow-engle §iffusors. It

- Goome fairly obvioue that struotursl ogst should desrears rlong
vith the leagth. l‘o’t this resson 1t Lie impertnnt %o know the
Mlation between length snd ares retio of o 4iffuscr-gareen

 esmdimation, _This question ie now ‘being Ainvessigated.
‘ Sansludine Reparky

I% -anu e borne i ing thet relation (10}, uwoulnl
hwﬂomutmunmnug ie aerely

" the rewuls of sm arrengesmt whioh reduces the kinetis energy
Per unis veluse of mess flov by the same ratic as the kinetis
SHergy per umis volume of the turtulence. A long ae this
oondition 13 met; the overell echenge in static pressure has
e airess tunu oa ths turbulence.

™he wesens sriterion, lntended for sare -uu.- pregaure
vop, hes besn sdopted rather srbitrarily. mmmmuu
sahieve soms pressure rise W julisiously omiting some of
the seresne and seorifiolng some of the turtulence redustien,
of ¢ uay schileve a greater turbulsnce reduction by using

| wore suresas aulm»ummomm Por
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eRanple, seresss csuld be added in the msxisus seetlon af$
of the 4iffussr with relasively 1istle sddifional pressure
drepn MMMMommmuunuh
Sartulenes sust be osloulated by squation (9).

ﬂm-m: Shis tPeutsent the sffect of chamging oroass
setice on thd turbulense end the naturel dscay have been
seglested. 1t 14 interesting to obsarve that tre atteinzeng
of lov turtulesde by lorge contrastion rstic when no danping
Bereens aye uot‘“p-.ll ‘ sainly upon fassors that sre bere
Rogiectssd,
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)| | Merlesss. Mxtionsd surees of Stemderds fepors, D,
e . V59, vaeniagton, D, ¢,, August 1, 19%0. (Heport sutmitseq

0 the NAGA, unpudlisned)
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