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ESDU TM 19
ESDU TECHNICAL MEMORANDA

ESDU Technical Memoranda are prepared from time to time to provide a formal means of presentation for work
that is not issued as a Data Item.  The main reasons for preparing an ESDU Technical Memorandum are as follows. 

• Much of the work done in the preparation of a Data Item, such as data correlations or analytical studies,
can be brought together in a Technical Memorandum which can then be quoted as one of the Derivations
or References in the Data Item.  Such a Memorandum therefore provides a formal record of the data or
methods given in the Data Item itself. 

• When ESDU takes on an external contract a Memorandum is used as the vehicle for formally reporting that
work.

ESDU Technical Memoranda do not, in general, go through the same rigorous Committee validation process as
ESDU Data Items, but they may be considered to be reliable sources of information supplementary to that in the
Data Items.

THE PREPARATION OF THIS TECHNICAL MEMORANDUM

The development and preparation of this Technical Memorandum were undertaken by

B.C. Freeman — Senior Engineer.  

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU TM 19 1976

http://www.avadocuments.com/doc/esdu-tm-19-1976
http://www.avadocuments.com/doc/esdu-tm-19-1976


EFFECTS OF UUIICATIOIi ON DIFFUSER PiRPORIWICE 

I. INTRODUCTION 

1.1 Notation 

A croal- •• ctional area of duct 

Cpr at.tic pre •• ure recovery coefficient 

Dh equivalent diaaeter of duc t 

L axial len&th of diffuler 

R radiul of circular duct 

diffu.er effectiv.nell, C I 1 _[~12 
pr A 

2 

diffuler wall angle 

Suffixes and superlcrtpt. 

1 diffuler entry plane 

2 downltream duct 

t applicable to truncated diff •• er/tallpipe co.bination 

at or up to exit plane of tapered aection 

1. 2 What aed Why r 

A truncated (or cropped) diffu.er i. one in which part of the area increase 

il .chieved by a .udden eDl.rcemant of area .s shown by the geometry ASCD 

in Sketch (i). Thi. may be regarded ••• derivative of the IMll len&th 

< • • 

~----. 
------,.:'" 

~..L-_-=--~ __ 

diffuser ALD. It i •• 110 of interest to compare it with the wider-lnaled 

dlffu.er ACD which h.1 the .... len&th. 
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The ,en.ral philosophy behind the id •• of truncation is that, if 

s.paration oc,urs anyway in a diffuser, cutting off the end aDd u5ing 

a sudden enlargement of ar.a to maintain the overall area ratio is not 

likely to have serioul l y adver.e effects. On the credit side, a shorter 

overall diffuaer might result together with a ~re uniform downltream 

flow r •• ulting from the Itable, di.tributed •• pa ration at the enlargement. 

2. DATA AVAIIABLI 

The lource, of data available ar. summarised in Table 1. Moat of the 

data are from Referaace, 5 and 1 and ~st are for conical dilfu,era with 

• = So . 

Two prediction methods are given in the literature, Gibeon in Reference 1 

and Hend.rson in Reference 2. Gibaon SUI& •• t. that the overall 101. i. 

the sum of the lo.s in a diffuser plus tailpipe of the ar •• ratio at 

truncation and t •• Loaa in tb. sudden anlarge .. nt . Hea44rson suggelts 

that the overall los. is the aum of the lOIS in the uutruac.ted diffuser 

and tbe losa ia the sudden enlargement . rl&ure 1 compares the two 

prediction. on the baSis of tb. pra41eta4 chance in diffuser effectivena •• 

° for an overall area ratio of 4 aad a .all ... 1. of 5. Gibson's prediction 

is shovn "ai .. both his own C.,r yal.s and values from £SD Itea Mo. 73024. 

The .sseDtial differenee between the predictions 1. that Oib.oa t
• IUCle.t. 

the possibility that a truncated diffuser may give a alightly better 

effectiveness than an untruocated ODe. However, u.ing the ESDU C .alue., pr 
there i. quite elo.e .'r .... at between tbe two predictions over mueh of the 

raQi. of trawcatioft length •• 

loth predictions appear t o include the tailpipe effect twice. It vo¥ld 

.... ~re 10Cicai to take the ,u. of a diffuser .lone up to the truncation 

POiDt plus a .u44en enlaraement. However, Figure 2 compares auch a 

prediction (~th with ... without allowance for the entry coaditio .. to 

the ,udden eolar, ... nte) with experimental data froe Reference 3 from which 

it e.n be leeo that the Cibeon and Hender.on pre41ctio •• are ~ch better. 

IYidently the .udden aDlar, ... at exit interactl witb the diffuler I.etion 

al • relult of itl clo.e ,roxl8dty. 

'i,ures 3,4 and , compare the predictions with experi.eDtal data from 

Referaace. 6,2 and 5. The agreement in Fiaur« 4 .ad ~ which maintain 

constant wall angle with reducing cone length is fair. The case of 

constant cone length and reducing wall anale Is less wall predicted although 

tbe trend of improved pressure recovery with reducing angle is shown in 

both cas •• • 

2 
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aeferenct 4 lIves value. of 'reai.tance_coefficient' for truncated diffusers 

of various cwo •• -sectiona but only for what is clai.ed to be the opt~um 

wall anala. Thea. are based on lo-called approxi .. te calculation formula. 

but the orilinal referenc~are not available in order to check the derivatioo. 

The optimum angles seem rather wide-ranainl instead of beina located 

around the maximum recovery values of the diffusin& sectioos aDd therefore 

this source hal not been used. 

Some infor.ation on recovery lengths and downstream flow conditions is 

liven in Referenee, 5 and 7 . This is discussed in tne next Section. 

3. DISCUSSION 

3.1 Pressure Recovery 

Most of the data available are for , = 50 conieal diffusers. Sioee 

these lenera t ly operate without .ppreciaole aeparatioo and hay. good 

pressure recovery it is unlikely that truncation vill slve any improvement. 

Indeed, since separation is being introduced the performance is likely 

to be reduced. This i. in accord with the experiNental data. The only 

data which could be interpreted as showing some improvement are those 

for an area ratio of 9 . 8 for which an un truncated diffu.er with 0 _ SO 

viII operate with .eparat4d flow. 

The coaclu.ioa. whie~ .. y -. .~ ... fro. the co.peri .... of predictions 

with experimental data seems to be that either of the predictions may be 

used to liY. a general picture of the effects of truncation. The agreement 

with expert.ental data 1s DOt lood but variation. of at least the same 

magnitude ean oft •• be fouod in the data for IL.ple diffusers. One point 

which should be noted is t~at the BSDU •• t. ¥s.d ia tbe predictions aTe 

maan values for tailpipe lengt~ of around 4Dh2 whereas most of tbe 

experimental vaLue. are measured at the maximum recovery point. The 

differences will be ... 11 relative to the uncertainty of the predictions. 

In Figures 6A to 6D the Cib.oa type prediction hal been used to explore 

tbe effect of truneation on a wider range of diffuser geometries. Some 

show quite large iapro •• ments in pressure recovery with truncation. ~ 

mi&ht be expected these are geometries in the separated flow regimes and 

the optimum truncation is roughly that which place. the geometry of the 

truncated cone below the significant separation ~Dd ata' in Pigure 1 

of ESD Item No. 73024. 

3 
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The baslc truncation effect (ahortening of the cone) i_ ahown by the 

da.hed line. on Figures 6A e nd 68. The solid line. show the effect of 

reducioa the wall angle while maintaining the ._me overall length, i ••• 

,0iO& from ,eo.etry ACD to ABeD in Sketch (i). Aiain the prediction. 

aUlae.t that diffuser. of hi,her area ratio. and vall anale., which would 

ope rat. with separ.ted flow, ca. be i-,roved by redueing the v.ll a .. l •. 

Aiain, however. if the untruocated diffua.~ ha, a ,eo.etry which place. 

it in the attached flow re,i .. , trUDeatioo reduc •• the preaaure recovery. 

On the available avideDCe it aeeMS r.a,onAbl. to sua,.at that if the 

ba.ic ,eo.etric.l requir ... nts require a diffMaer which v il l operate with 

a .i,nific •• t deare. of .epareted flow then an t-,rovad pra.ayra r.covery 

.. y be obtatoed by va ina a CODa of reduced l.nath or anal. auch that the 

caa. i. near opti~ and co.pletin& the ara' chaoae with a •• dd •• 

• nlar, ... ot. No i~roye .. nt can be expected if the ori,iDAl dlffM .. r 

i ... ar optimYa or op.rata. in the attached flow ra,i.e. As a u •• ful 

i adication of the pre. sure recovery obtained we can approxi.ate 

C • C d'w _ ... + ( A
I
/A , )2 C • prt pr ,,,,,ecr ~,_ pr enlaraelMnt 

3.2 Diffu,er Length 

It is &vidaat that truncation will reduee the leoath of a diffuser b~t 

it i. the ov.rall lenith incl~iftQ the tal1pl,. whIch i s important if 

.. xiN~ reeovary is to be o~t.inRd. Ducai .. (~.fer •• c. 5, .eaaured the 

over.ll recovery laneth and conclM4ed teatatively that this wa. reducad 

by the .mouRt by which the diffu.er w.a .hort.oed , i.e. the requirad 

tailpl,. len&th va. unchanaed. He •• urements made in Refereaee 7 vere said 

~t to have concl.sively .upported thi.. Fev 4&ta are ayallable on tailpipe 

lancth. raquired for full pre •• Mr. recovery but the general trend i& toward. 

Ireater leoath. a. the well angle aad area ratio increase. It is possi~l. 

thAr.fore ~t a diffuser/.udden enlaIgement combination vill require a 

longer ta11p1,. thaD a diffuser alone. 

Tha ISDU data pr •••• t ia the Det. Items are averaged o~t for a raaca of 

.ift.rant tailpipe measurement condition. and assume a ~oa.ta.t le .. th 

.r ..... 4D
hZ 

to 8D
hZ 

vhi~h .hoyl. be .ora thaD a .. quate. TIll •• it 

1. rn.onable that if tho ... 1,. crit.riea (L.- 4Dh2 ) ... ~.. adop ted 

tho overall lenlth of tho trw.cat.d ditfu •• r .. y be ...... d .hortar than 

tho .otruocated diffu •• r ~ the reductioD iD COD&. laqtb. It ahould be 

aoted that excapt fo< , La .. than abo.t 7' it h .... t ponOla to obtain 

• 4Dh2 tailpipe by cuttina back a CODa vith free di.char, •• 

4 
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