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Preliminary Report on Diffuser-Soreen 
Combinations for Reduolng Wind-Tunnel Turbulence 

^rg^^qt^oq 

An Investigation of the effeot of fine eorsena In wide- 

angle dlffuaera was undertaken after it VSB reported by 

MoLellan and Nlehole (reference 1) that the efficiency of a 

dlffuoer wee improved by a screen across the downctrecE end. 

Velocity measurements showed that the realst mes l >:'.,: js'j'A *.'.y 

tbe ecree" assisted in the filling of the lUMuapr. The 

effect waa later confirmed by Squire and Hc^ (rereror.ca H). 

None of the Investigators, however, studies the effeot in 

•ufflolent detail to explain how the filling VES ^cnonipr.l^hed 

nor what arrangements would give the best rv^lt?!. Tl-.s purpose 

of the present Investigation was first to gein er. und em tiding 

of the process, ,?nd second to discover the practical possi- 

bilities of dlffuser-8creen combinations. 

The greater part of the experimental work done eo f#r has 

been to study the flow phenomena with single screens spanning 

variouB eeotione of r>  oonlcnl diffuser. By making detailed 

surveys of the dynamic and rtatlo pressures throughout the 

diffuser, partloularly in the neighborhood of a screen, the 

notion of the eoreen end the process by which it distributes 

the flow have been made clear. A brief dleouesion of this 

aapeot of the problem will be given here. Detaila of the 

experimental results will be given lfter In a comprehensive 

fine! report. 

t 
iS Aiir 
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fb* present report deal« mainly with one of the possible 

•pplleations of dlffuser-screen combinations; namely, the uee 

of • wide-angle dirfuser to orevent pressure drop through 

tamping eoreene located ahead of the entrance cons of a wind 

tunnel to reduce turbulence. A schematic arrangement Is shown 

In Figure 1. The effectiveness of fine screens In reducing 

turbulence Is shown In reference 3§ and screanc. s:'s now used 

In a number of wind tunnels where low turbu3.sr.es le ts-lrzä, 

A rapid expanalon In oroea section Phead of sj;-:r.3 ^;e also 

been employed to advent age to reduce the prc^uro z?o?  t!: ,.-^h 

•oreene, rnd the Idea of distributing screens t':.r JV-:: r i:''f- 

angle diffuser, aa shown in Figure 1, wae eua'ttc.: .-ivers-.l 

years ago. Arrangements of this sort hrve nov f-*r.  l:-.v: :.t-.ssted 

and some Interesting possibilities have apper.rea tli;--., ...c-y  he 

uaeful to those who may wish to use damping ocrcene. 

If diffuaer-soreen combinations ere to be used to reduce 

turbulenoe, the first requirement Is that there shall be no 

flow separation in the diffuser. If separation occurs, the 

diffuser will probably generate more turbulence than the 

eoreene oan damp out, and the Instability accomoanylng 

seDeration will probnbly give rise to objectionable pulsations. 

The first question to consider is then whether screens oan 

prevent flow separation in a diffuser of such wide angle that 

sewrntlon would normally be expected.  Since so euch depends 

on this question, a brief discussion will be given of the 

\i 
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MMrtMnta oerformed to find out how a aoreen affeeta the 

flow in a diff ueer. 

Symbole 

q • dynaalo praaaura. 

p • atntlo praaaura. 

A • oroaa-aaotlonal araa of duot or diffuser. 

PI m  flow of potential energy. 

IB • flow of kinetic energy. 

Subaerlpta o, 1, 2, ... n whan uaad with q, p, PC, KE, 

and A refer to apeoific positions, see Fig. 1.  For 

example, CL and p are the dynamic end at»tie pressures 

In the duot at the entrance to the dlffueer. 

4p • reference pressure. Actually this la the pressure drop 

aeroas the entrance cone C, Fig. 2. 

Ap • ebange in static pressure across a screen or between 

two points, the points being denoted by subaerlpta. 

k - preeaure-drop coefficient of soreen. 

n * number of aereene. 

r • ratio of turbulent fluctuatlona downstream frost a 

number of eoreena to the fluotuntlona upstream fro« 

the eoreena. 

Experiments an Single Soreen. 

The exoerlnental arrangement for studying dlffuser-aoreen 

oomblnatlona la ahown in Figure 2. A centrifugal fan at the 

far and draws the air through the ayatern whioh eonsista of a 



«onloal diffuser, D, between two lengths of round duot 

forming the entranoe end exit. The diffuser, ehown again In 

Figures 3 and 4> le the only one on which results hare been 

obtained eo fur. Its shaoe and dimension» pre ehown in 

figure 5. The area ratio Is 4 to 1 »nd the total included 

angle la about PS degrees. 

The 18-Inoh diameter entrance duct with the screened 

entranoe oone (C In Figure 2) la made u*> of four 3-foot 

•eetlone so that the entranoe length may be varied. The full 

18-foot length Is the only arrangement used so far In any of 

tbe tests. The 36-lnch diameter exit duct Is aleo made up In 

aeotlone, but the full length of 18 feet was always used. 

The inlet of the fan connects directly to the 36-lnch duct. 

Speed control Is obtained by rodlal inlet vrnes on the fan. 

'lj^e eoreens were obtained In a variety of solidities 

ao that soreens with pressure-drop coefficients from 0.5 to 

2.6 were available for study. The pressure-drop coefficient, 

denoted by k, la defined aa 

k.-AÄ 
4 

«here Ap la the pressure drop noroee the screen and q le the 

dynamio pressure of the flow through the soreen, k was 

determined in all oaaea by measuring AP "na «. for • eample of 

eaoh soreen installed in the 18-lneh duot 3 feet from the end 

of the entranoe oone. In all eaaes k wrs found to depend on 
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UM «lud epeed (or more aoouratoly etnted, on the Reynold« 

Number) a« wall as on the solidity. 

The aereena were Installed one at a time In various orose 

MOtlona of tbe diffuser, and for eaoh screen In enoh position 

aurveys of tbe dynamic pressure and atatlo pressure were made 

throughout the diffuser. A specially constructed pltot-atstlo' 

tuba of small dimensions was used so thnt pressures could be 

measured to within one Inch of the upstream side of a screen 

and to within 1/2 lnoh of the downstream side. All runs were 

made with an entranoe duot length of 8 dlmneters (12 feet) 

and an entrance velocity of about 100 feet per aeoond. By 

following thla somewhat tedious procedure much was learned 

about the so-called "filling" process and phenomena appeared 

that were not at all In accord with nrevlously conoelved notions 

on the subject. For example. It was assumed thnt, with a soreen 

plaoed in some section of a diffuser where the flow would 

normally be separated, the pressure drop across the screen 

would foroe the dead air through end thus would Induce a flow 

In regions where none existed before. The effect was assumed 

to be analogous to removal of wake or boundary layer by 

auotlon. This ooncept was based on the supposition that the 

atatlo pressure would be essentially oonstant over any cross 

section. When measurements were made with a screen plaoed 

aoroaa the extreme downstream end of the diffuser (which waa 

the flrat arrangement to be tried). It waa found that the atatlo 

O- - -v . ). J:~ 



praeeura waa far from constant over a oroaa section, but was 

higher In the oenter than at the edges Just ahead of the aoreen 

and vae Just the reverse lanedl.-*tely behind the screen. The 

dlfferenoe in etrtlo pressure «cross the screen <it any point 

waa Juat equal to k tlaes the loool dynamic preBBure. Accord- 

ingly, where the velocity »aa zero, pa  In the dead plr regions, 

there vaa no pressure droo end consequently no auction effect. 

Slnoe separation occurred well forward In th<s diffuser (olxjut 

5 Inches from the entrance end), this esee corresponded i-poroje- 

lawtely to th?»t of a Jet Impinging against the screnn. Tfca 

only effeot of the screen that In any way epwocohed 's .f.11 ling 

effect was a divergence of this Jet as It approached the aoreen 

and a oontlnuatlon of the divergence on the downstream side» 

After several screens with a variety of coefficients were 

Investigated In the downstream end of the diffuser, the sane 

routine was repeated at 6-lnoh intervals taken progressively 

farther ond farther upstream, with only one screen In the 

diffuser at s time. In all oases the effect was essentially 

the same; nmnely, a dlvergenoe of the atreem on the approach 

aide In the manner of a free Jet and a continued dlvergenoe 

of the stream on the downstream side. The dead-air spsees 

ware reduced by the apreadlng of the jet nut otherwise appeared 

to be unaffected. Since lateral spreading waa rapid near the 

aoreen at the edgea of the Jet, the streea continued to spread 

rapidly on the downstream eida and In nearly pll caaea reaohed 
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the «all« of the diffuser Just aft of the sereen and strongly 

relisted separation fron then on. Thus the dead air apaoe vae 

eliminated on the downstream side of the aoreen even though 

one existed on the upstream side. The soreen therefore 

exhibited a far greater filling effeot on the downstream side 

than on the upstream side. This sets certain definite requlre- 

•enta on the positioning of a screen if separation shead la to 

be orerented. In a straight-sided conical illffueer the screen 

may be only a little aft of the seoarr^tlon point (a few lnohee 

in the present diffuser), otherwise there will elw;».yn exist 

a "bubble" of trapped dead ?lr regprdleac of the ^reesure-drop 

ooeffiolent of the screen« 

So far the term "filled" has been used r->ther loosely to 

swan flow without separation. Actually there may be all 

degrees of filling from a nearly stagnant region near the walla 

with an 3-shaoed Telocity distribution characteristic of 

Incipient separation to r condition approaching a thin boundary 

layer with a high velocity gradient near the walls. In order 

to give the word definite meaning, r filled condition will be 

defined as the oondltion where the veloolty distribution Is 

similar to the distribution Just ahead of the diffuser. 

Aooordlng to this definition, a diffuser is filled throughout 

when the distribution of axial velocity across any plane normal 

to the axis la similar to the distribution of veloolty across 
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• Motion of the parallel duot Juat ahead of toe diffuser. 

It «as found that no single aoreen studied would fill the 

diffuser In aooordanoe with this definition. When a aoreen 

was placed Juat frr enough forward to prevent eeparation 

on the upetrean aide and had a k value high enough to keep 

•eparatlon from taking place in the remainder of the dif- 

fuser, the diffuser was somewhat underfilled aliend of the 

aoreen and overfilled Just aft of the screen. The tare 

"underfilled" refers to an altered distribution with veloci- 

ties proportionately lower near the wall und higher near the 

oenter, and•overfilled" refers to the reverse condition »here 

the velooltles are proportionately higher nenr the walls and 

lower In the oenter. Theae are purely qualitative terms« 

It appeared, however, that by proper choice of t and proper 

plaelng of several screens a fair aporoach to a filled con- 

dition oould be realized. 

Xn all oaaes efficiencies were calculated from the observed 

•tatlo and dynamic pressure. The efflolenoy of a diffuser 

la usually defined as the ratio of the Increase In the flow 

of pressure energy to the loss In the flow of kinetic energy 

on passing through the dlffueer. This definition was adopted 

in the present work. Looal efficiencies were defined in terse 

of this ratio taken between any two oross sections. Where 

the etatio and dynaalo pressures varied over a cross section, 
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tlM flow of klnetlo and pressure energy tad to be obtained 

by •uaaatlon. Looal offioienoles were found to be high In 

region« «here separation vas prevented by a screen, provided 

no eoreen was between the two oroee sections considered. As 

the filled condition was approached between any two cross 

sections, the local efficiency there Approached ICO percent. 

The efficiency always took a sharp drop through a ecrt-an 

becauee of the drop In static pressure across the screen. 

From this It may be concluded that the significant losses 

in a filled diffuser will ooour at the screens. 

Criterion for the Selection of 
Plffueer"6creen Combination« 

When eoreens are seleoted solely for the reduction of 

turbulence, the aim 1« to use as many screens as possible 

or a« high a k value as possible consistent with the allowable 

reduction in energy ratio of the tunnel. When selecting a 

dlffueer-soreen combination for the reduction of turbulenoe 

there le In addition the very Important requirement that 

there «hall be no flow separation In the diffuser. From the 

result« with single eoreens It was evident thnt a filled or 

overfilled condition oould be obtained, at le.-»st In the portion 

of the diffuser aft of the firet screen, merely by using enough 

eoreens. The overall efficiency woe sure to be low with any 

of the eoreen« on hand, but In principle at least It oould be 

varied at will by having sn unlimited selection of k value«. 
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#6l" sxaaple, a filled condition obtained with many aereena 

of lew k value would produoe higher efficiencies than few 

(j soreene of high k value. It aeemed moat logical therefore 

to doolde on the efficiency desired and than ala for the 

greateat poeslble turbulence reduction under these condition». 

In Boat modern wind tunnela the ratio of o^ to q„ d'lg» 1) 

la ao email that q,, la a negligible factor In the power con- 

sumption. If then the flow of kinetic energy In section c la 

all that la lost, the price In power consumed will probably 

not be too auch to pay for the privilege of using screens. 

It aeene reaaonable therefore to require only that there 

•hall be no droo In atatlo preBsure across a dlffueer-eoreen 

ooablnatlon. This aeana that a diffuser of any size may be 

used. I.e., *n/Ao miiy *• 8S larS* *• desired, and thnt the 

overall efficiency la to be aero. It waa decided to adopt 

thla orlterlon and then try to produce the optimum arrangement 

of aereena in the 2ä-degree diffuser. 

BtlaUgPB for jhe Selection and Plep^na; 
of Soreena fcyr No Preaaure Pro« 

On the baala of experience with alngle screens In the 

28-degroe diffuser. It appeared that n  few simple relations 

alght aerve to govern the aeleotlon and placing of aereena 

*»      in a dlffuaer to attain the condition of no preaaure drop* 

The relations will be valid only If the dlffuaer la filled. 

while resulta with other diffusere would be very helpful. It 
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appears fro« the remit« now available that filling: is always 

possible if eoreens with a sufficiently low k value oan b« 

obtained. The unknown factor In the procedure Is the per- 

missible upper Halting value of the k or solidity for the 

soreens, sine« this depends on the angle and shape of the 

diffuser and the condition of the entering flow. 

When the velocity distributions In all sections of the 

diffuser «re similar (filled condition), the axial velocity 

in different sections is Inversely proportional to tbs cress- 

eeetlonel area. If the energy losses in regions not occupied 

by screens are negligible, the total pressure along each 

streamline is constant until a screen is met, and the stetlo 

pressure rise from section o to section 1 (Figure 1) is given 

by 

Apol • % - «i I« 

Also« by neglecting any difference between the total velocity 

and the axial component 

Krom (1) and (z) 

APol - % \} '(*}f] <3> 
Screen 1 is now to be placed so that the pressure drop 

through it is Just equal to AP0X* ** kl *• tne P*w«ure-drop 

coefficient of screen 1, the pressure drop Is given by k^q^, 

and when the screen Is In the desired position 
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By aeana of equation (2), equation (4) reduces to 

V*o " <kl • D1/2 <5> 

If suooeealve acreena are positioned by the same rule. It 

followa that 

Thus the oroaa-aectlonal area and consequently the axial 

position of each screen la determined In terms of the k value 

for the aoreen. 

The overall area ratio la 

V*o • <*i*l>1/2(k2*l)1/2 ... (Vl)1/2 (7> 

A 
or     V*© - (k*1>2 (*> 
If all of the k'e are the sane. This will be approximately 

the oaae when all aoreena are alike. When the area ratio of 

the diffuser la specified, the number of soreens Is fixed by 

k. For example. In the present diffuser with A„/A0 - 4, the 

the following numbers are found by equation (6): 

(6) 

0.5 

3 
15 

2 
1 
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Without additional Information, it would not be known 

«bather to u«a 1 aeraen with » k value of 15, or ^ screens 

with a k value of O.J». For the 28-degree dlffuner with the 

relatively thick boundary layer oroduoed by an entrance duct 

length of 6 diameters, enough Information was already avail- 

able from experiments on single screens to limit; tha choice 

to k values of 1,4 or less. Accordingly, the arr.-ir>g£ncnte 

abovn In Figures 5 end 6 resulted by applying the foregoing 

relations. The performance of these two arrangements le taken 

up la the following section. 

A designer lacking aerodynamic data on his diffuser could 

do little more than choose fine screens with the lowest 

aolldlty obtainable and hope th»t the k vnluss were sufficiently 

low. Since this situation Is rather unsatisfactory, an 

effort Is being made to learn more about the limiting k 

value In relation to the dlffueer and condition of the 

entering flow. 

«fWit» filth «M.l»lB3le Screens 

Two arrangements of ho- and 30-mesh aoreena were attempted 

uelng the relations (6) for determining positions. These are 

ahown in Figures 5 and 6. The oholce of theae screens wee 

determined by two objectives, first to see whether by 

following relations (6) the overall efficiency would be zero 

(zero overall atatlo pressure drop), and second to get some 

Indication of the upper limiting k value. With these two 
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M«h «1MS It «a« impossible to us» exactly the right number 

of screens, aa seen by the fact that the third 40-mesh soreen 

did not reach the end of the diffuser and the fifth 30-mesh 

sereen extended a little beyond the end. with sufficient 

attention paid to the selection, the right number could hare 

been used. 

The pertinent data on these screens are re follows: 

Mire size Solidity 
Cinch) upstream 
_______     1st  2nd 

downstream 
3rd  Uth  5th 

30 mesh O.OO65   0.351    0.70 0.73 O.76 0.&? 0.90 

40 mesh  .0065    .453    1-17 1.25 1-39 

The effect of velocity on k value accounts for the 

increasing k with distance downstream. 

The distribution of dynamic pressure across sections A, 

B, C, end 0 are shown in Figure 7 end 8. There Is no evidence 

of separation in either oase. The exact degree of filling is 

difficult to Judge from these curves, but qualitatively at 

least the diffuser would be colled "full" in both ensea. The 

distribution of q/qy is remarkably uniform in section 1>. 

Curve B is characteristic of distributions Just ahead of a 

single screen or of a first screen when without screens 

separation would occur aheod of the screen. This shape is 

a manifestation of curvature of the streamlines outward toward 

the walla on the approaoh to the screen. In Figure 7 the 
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pelnta near the left aid» of curve« A ana 6 show «ome scatter. 

fill« generally Indicates Instability and may mean that the 

flow ahead of the first *M)-aesh soreen la none too well 

attached. °*ith the 30-mesh soreen«, no unsteadiness or 

Instability was In evidence. 

For contrast, the distribution obtained without any 

eereene in the diffuser are tflven In Figure 9. Ihn  flow was 

uneymaetrlcal, and separation Is Indicated for distributions 

B,  C, and D. The manometer surged violently, showing evidence 

of a whipping of the stream from one side to the other. 

Figure 10 shows tne Increase In the flow of potential 

energy, which for a uniform q across a section Is the same 

as the <?tntic pressure rise, for 30- pnd 4c--ae8h ecrsene and 

for no screens» The Increase Is expressed as a percentage 

of the Incoming klnetlo energy. The sudden drops occur at 

the screens, end the rises elsewhere are the result of 

diffusion. At first It was thought that values below zero 
corresponding 

were the result of using a k value /to the velocity at the 

oenter rpther than a prooerly weighted average value for the 

soreene; but after looking Into the matter further, it was 

found that this negative value resulted from energy losses In 

diffusion rather than too large drops across the screens. A 

large oert of the loss In diffusion occurs ahead of the first 

screen. 
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Flgure 11 shows the deorease in flow of kinetic energy, 

expressed as a percentage of the Incoming klnetlo energy, 

for the two screen preincrements »nd no screene, together vith 

the theoretical decrease. Perfect agreement with the theo- 

retical curve would mean perfect filling. The agreement 

indicate« a doe« approach to filling for tooth the 30- and 

••O-mesh screens. 

The efflolenolea ere shown in Figure) 13. Th.;.»3 »re net 

local efficiencies but final efficiencies up to c-  £l-.-•_-;•: point 

corresponding to « given axial distance, The final »rriclency 

with screens le less than zero. An abrupt firop o rears at e-:oh 

screen, and es pointed out above, the tirnl  efficiency -i.o  lees 

tfaan* zero, not because the drop3 are too er«»?t, but techno 

the diffusion is not 100 percent efficient elsewhere In the 

diffuser. The efficiency of the diffuser alone, oe affected 

by the screens, WAS calculated from the results nnd is also 

shown in Figure 12. It will be noted that the greatest loss 

occurs ahead of the first screen. 

Judging by the end values on the stepwise curves, at an 

axial distance of 36 lnohes in Figures 10 and 12, the Uo-mesh 

screens seem to be the better ohoice. This Is misleading, 

however, because there was too little soreen present in the 

ease of the 40-aesh and too much in the case of the 30-mesh 

(see last soreen position, Figures 5 and 6). The diffuser 

efficiency le highest for the 30-mesh, and hrd the right amount 
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of soreen been used In both eaaes, the 30 mesh would have 

•hewn superior performance In every respeot. 

( } The failure to end with zero static pressure drop PTA 

*ero overall efficiency shows the consequences of neglsotlng 

loaaea outside the plane of the screen«. Ti\o.  cuestlon naturally 

az-laea as to how important this failure would be in rr-.ctlce. 

figure 10 shows a loss of energy equnl to •-,3ut 11 percf-nt 

of <r . If r>  loss one o^ may be tolerated, the loa« of 1.11 

q_ should not be of too much concern. £-\ ..slly, for- tills 

diffuser with an area rotlo of 4, Figuv*^ . shot* a oSout 6 

peroent of a, remaining; consequently o lj; 1.05 q0 is loct. 

P^ffueer-Scrsen Combinations pnd frurb^pnee^ Reduction. 

It was not intended that turbulence mcrtmescr.ta  should 

be made In oonneotlon with this investigation. It is 

realised, however, that a few such measurements would not be 

amiss. According to reference 3, the turbulent fluctuations 

are reduced on passing through a soraan In the retlo 

1/U + 1)1/2 

and If several aereena are used In tandem with a spacing of 

several lnohes or more between them, the fractional reduction 

over the group la 

r . l/(k1*lJ
1/2(k2*l)

X/2 ... <k„*l)X/2 (9) 

Relation (9) la true, of course, only for points far enough 

downstream for the fine grained turbulence from the screens 
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te bar* Oompletely deoayed. 

From equations (7) and {9) It follows that 

r m VAn (10) 

The Interesting result expreaaad by equation (10) meana 

that the reduotlon In turbulence la Independent of the number 

of aoreene and the value of k, deoendlng only on the arss 

ratio of the diffuser, when soreens are selected ; .-a püsltior^d 

for tero overall pressure drop. Actually tli? srrc pr&fisure 

drop naa no direct bearing on aquation do), The physical 

reaaon for equation (10) la that the screen» here  been plaoed 

ao that the fall in mean velocity from screen to screen la 

Just equal to the reduotlon In the fluctuations across a 

eoreen. For the dlffuser-screen oombln&tlon es A ttUole, the 

aean velocity la reduced In the seme ratio as the fluctuations; 

consequently the percentage turbulence will be the same In 

toe eeotlon of area An •** of the aoreene es in section o 

ahead of the screens. A reduction In percentage turbulence 

in the working chamber comes about beoause of the increase 

of mean velocity through the entrance oone, and the beneficial 

effect of eereene appears in the larger contraction rrtlo 

made possible by the diffuser. This manner of presenting the 

effeot of screens puts the matter in terms familiar to moat 

engineers, since a large contraction ratio is universally 

recognized aa one of the beat waya to obtain a low-turbulence 

vlna tunnel» 
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It it la assumed that a alight reduction in energy ratio 

of a tuanal la a aattar of aeoondary importance, the eoononie 

aapaota of dlffueer-aoreen combinations are mainly ooncerned 

with atruotural ooata. A given contraction ratio made 

poaslble in part by a wide-angle diffuser In the tunnel 

olroult Involves lees length of atruoture than the sane con- 

traction ratio obtained entirely by njirrov-engle dlffuacrs. It 

aeaae fairly obvloue thnt structural cost should Scorers .-.long 

«lth tha length. For this reason It Is important to knov the 

relation between length And are* ratio of i>  dlffuacr-Bcreen 

combination. This question Is now being investigated. 

Concluding Remarks 

It should be borne In mind that relation (10), expressing 

tha turbulence reduction in terms of an area ratio, le merely 

tha result of en arrangement whioh reduces the kinetic energy 

par unit volume of mean flow by the same ratio as the kinetic 

energy per unit volume of the turbulence. As long as this 

condition is mat, tha overall ohenge In static pressure has 

no dlreot bearing on the turbulence. 

Tha oresent criterion. Intended for zero etatio pressure 

drop, has been adopted rpther arbitrarily. One may possibly 

achieve some pressure rise by Judlolously omitting some of 

tha screens and sacrificing some of the turbulence reduction, 

or ha may achieve a greater turbulenoe reduction by using 

•ore soreens and getting or increasing pressure drop. For 
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exaaple, screens oould be added In the •axlnua section aft 

of tue diffuser »1th relatively little additional pressure 

drop« Under these conditions the expeeted reduotlon In 

turbulenoe aust be ealoulated by equation (9). 

Throughout thla treataent the effect of changing orose 

eeotlon on the turbulence and the natural decay have been 

neglected. It la Interesting to observe thnt the eUaincant 

of low turbulence by large contraction ratio when no fleaplng 

aoreena are used depends mainly upon faotors that pre here 

neglected« 
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