e

on centrirugal canpressors are discuased in deta.il

2. INTRODUGTION:

o compressom for the pest ten yem, se:vehag the chemica:t, petmlemn and natuml gas industries.

'1.ABSTRACT :

. A1t

PERFORMANCE TESTING AND R & D WORK ON CENTRIFUGAL ~ All
COMPRESSOR IN CLOSED CIRCUIT TEST RIGS ‘

8. SANKARANARAYANAN, Sclentnst, Propulsion Div., N. Aero. Lab Bangalore-37
.~ S. RAMAMURTHY, Scientist, Propulsion Division, N. Aero Lab., Bangalore-37
K. MURUGESAN, Scientist, Propulsion; N. Aero. Lab ; Bangalore-37 v

’J.‘he utility and e.pplication of the closed cimuit test rigs 1n oarrying out R and D work

g
Rt d
]

*

_ The performance improvements of a medium

ERe T

as the working medium is gven as an example of the utility of auoh rlgs. This paper also

oxplains the sailent features of the versatile closed cimuit teat facility coming up at the |

Propulsion Division, ¥. A. L., Bangalo re. _" This facility is compared with s:\.milar facilit:\.es

elsewhe're‘existing at_ iiax'ious' indusfrlga and_’Upivemities. k

'l’here has been a subatantml pvogress and inorease '.Ln application of centrimgal

’ .
CQntr.l.mgal oompressors ueed in these mdustries gome in dlvense speoiﬁcations with regan‘l ‘

to number of sta.ges, capacity, preasure levela and gas handled. The ultimate aim for any

compressor manufanturer is to deliver eﬁioiem;, reliable compressor with reaaonably good surge

7

ﬁ;réin. 'fhia can be echi,e&ad only when aerocxynamic perlommce are experlmantally evaluated. o
In most of the oanpressor'indust:igs in order to ensure and improve the perromance or multi-
stage mohines, ainsle staao conti@xrations vhich are reprcsentat:l.ve of a very wide ranﬂ.la of

BB RLG

ctagee are tested under simulated oondition. '!hi.a ldnd or toeting and related R and D

" work on compreasors are mmaeingly carried out in Olo aad Girouit Test Riga to gain certain

advantages.

Soientist Propulsion Division, National Aeronautical Laboratory, Bangalore—}'(, INDIA.
Presentel ot the 10 th NC - FM & FP. 81 RIT JAM
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31. OMD GIBGUI’I‘ TEB‘I‘ BIG i
rigum (1) shiows the .e“oh‘mtic e.rrangenent of a closed cirouit test rig, used for testing

d.ngle stago oompresaors. . ‘rhe pipe foms a closed loop connecting the diacharge to mlet.

!he eleentisl elements an- the heat exchanger, va.lve, the orifice plate and a bypass 11ne. |

Unnkc the opon system the olosed—loop provide great tlexibility in the manipulation of inlet

prsssure and :Lnlat temperature whioh in tum contml the 1nlet density. Hence power require-

nent of g:lven mchine can be decreased by reducing the density level ot the mediv.m The
eﬁ’cct of Reynolde mmber and llanh mmber on compressor perrormance can be studied. By using

mixture of gaaea the value orr Y 9. 1.0. the ratio of speciﬁn heata of any gas cen be .

aimulated 1n the oloeed circuit 't t facility with non—dimqq o‘oml aimi.larity parneters ‘

unchanged- ' From Figure-(z), 1t may be noted that upto the tip Mach number or 0.8, whioh is
the upper limit for moat or the :Lndustrial centrlmgal compressors, there is no marked
variatim of ﬂuid outlet engle ror different gases (R -l) So when heavy gas like Freon-]é ‘
is uged as working med:hm, the velooity of sound in the madium is compamtively low (appmxi-. :
- .mtely halt the velocity of aound :Ln air) and hence gimuk tion. is possible undor 1ower
J aha.tt speed. ' 'l'bf“ to gome extent soltee the hie.h speed bearmg end atreee'problans of the
N . tcst rotorS, whioh cen be mana now quiok]y in {available material. Another advantago is the
volumo of the test rig is wry emall and eny selected gas oan be filled depending upon the
dou:l.gners ohoice in small quantity. Also the rlow mside the loop has 1ees fluctuatione
and prooise aerodynamd.o measuremnt 15 poae:tble. Suoh features 1mprove the aooumy ot
. meamment and ex'tend the aco;:e of ueeml teating for beyond that of open aystom, vhiich can -

3 be used only vd.th atmospherlo air. - 'The noise level of closed loop syotem is nuch lower tha.n »

3.

open loqp ‘sysjtem.

- -Number in para.nthesis with prefix R designate referemes at the ond of the papor.
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help m finding Optinnm -olutions nnd oorrclationc th.w avoiding tim consuming npdtitip

: uperlmntal work in tha 1ater stagea.

To st:eaa the R and D need on compressor, the perrormame of a low specific npeed, stage is

To get wider opemting range of the compressor at low pressure rat:.oe., it becomes neoesoary
%0 have lower system losses. For this purpose a bypase l:Lne shown in Pigure-(1) is used. A
peart of the mass flow will be bypassed tha heatexohanger, where the pressure 1oaqea were thoud\t

to be quite comparable to the total aystem prcasuro losses.

3. b PMORWWE '!Q]_?ING AM) R 6: D WOH( ON OGJPRESoORS H

The ultimate aim of industrial stage test:l.ng is evaluating tle aerodynamic perfomance of
the compressor at doaien and off dee:lgn rlow mte. to present the results in a simple and
gelectable form. Iater on these can be used for doaisning mlti—stage machines. If the design

point efficisncy is low or the off dosign conditions are well below the expected level, iuwprove-

_ment methods have to be applied out of expe::l.enoe by eiﬂzei altering the design philosophy or

by improving oompgnent efficiency throush ohangea in parameters like impeller inlet bladc nhnpo,

Vano shape, diffuser entry,... . ...etc. A aerieu of deeign and expormental exemise will

Lo ot i L o

'I'o test sach stage of a multi-stago induatrial ocutrlm,gal coinpressor 1n a cloaed-oimuﬂ

test facility, the stage should have a configumtion ahovm in ngre-,(B), oonsisting of inlet

bend, impeller, semivaneless apace, diffuser and return channels. In Figure-(4) a typioal v

Vs ¢ greph plottgd aftgr experiment is given as an illustration (R- 2). The vane diffuser
stage hée seme radius ratio éa vaneless diffuser. The vaned diffuser stage shows four pu'cmt
higlor eﬁ’ioiency than the vanoless diffuser etage'wiﬂ), ana].'l reduction in operating range.
given in Figureo(‘j). It ¢an be seen f;'oru this ﬁgum that between the vaned and vaneless
dimeer combinations, the vaned diffuser avoided the onset of surge at 1ower flow ooefﬁc ents.
But the stage efficiency with both combinations, ‘was found only around 50 percent. - Another
setting of the vaned ,di‘truser (22°) was tried wifh th; compressor; which improved the efficiency
albiet marginally. Bubsequently, a new design method. for the ste{ge was undertaken (R -3) in

order to improve the efficiency of this low specific speed stage. This is a typical example
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of R and D work us:\.ng such test rigs.

3.6 CIDSED—CIRGUI‘I‘ TEST RIG OF N.A.T, 1

A versatile closed circuit test rig (OLOCTDR) where 'I,ndustrial 'l‘urbocharger, Gas ’l‘urbina

and Rerrigeration compressors can be tested is being built at the Pmpuls:.on Division of N. A.L.,

Bange.lore. " Schematically the rig is represented in Fﬁg‘u‘e—(G) and the specif:lnations are

!

!

i given in ‘l‘able-I. The experimental appamtus consists of 8 Thyristor control D.C drive, Btep
K

up gear box, Torque meter, Test Gompressor and Closed circuit Piping \ A heat exohanger and

a throttle valve are included in the rig to get the deeired :lnlet conditions. ’L‘he ooméressor.

ehaft is fitted with high 'speed 'S9a;ol' ‘shaft seal to px_event any 1eakage of woﬁcing med:‘Lumi :

thrgugh shaft clearances. A novel tlechhique wa;fkdev'eioﬁed Avto m’oni"tvor tﬁe concen;r-ationv 61"

medium inside the loop éontinuously during Veipéri’ﬁ{ent's'.‘ " The concertration was indireotly :

estimated by measuring the accoustic velocity in the medium.

Pe:fommce of the compressor vill be obtained by measuring total and stl tio preseures
at Inlet and outlet of the compressor using total pressure probes end wall tappings. Total

-temperature being me:f;sured using cp_:oﬁel—Almnel thermocouple. The velocityr distribﬁtion

—

P at :Lnlet and outlet of the :unpeller will be measured usmg three hole yaw probe. The mass

flow rates through the circuit will be est imated us:mg ozifice meter by measuring the differe-
ritial pressure using pressure transducer. ~ A computer (HP 3054 A) will be used far fast data
.Aoquiattion' and redw:tioxi. B
Closed circuit test facilities available at various Industries and Universities elsewhere
aie given in Table-II. It is observgci from this table, the power used for the drive motor
. in the i.ndusfrdal tgst facilities were quite large, wheré the compressor manufacturers intended
to test the prototype compressors for guai-antee tests or to get mere overall per’foimance‘. Whereas

Research Leboratories snd Universities concentraiing more on R & D work on model compressors

chose lower power due to its restiriction.

Compared to the test facilitie s availeble at Universities and Laboratories, the test facility

at N.A.L. has slightly higher power for the drive motor. This was chosen to have greater flexibility
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in carrying out R and D work 6n various tn)ea of compressozs ranging from mduetrial to small
prototype ges turbine compresaom. A similar olosed cimuit tee‘t facility is availeble at
B.H.E.L., Hyderabad, where the industrial centrifugal compressora ake tested at design speed

for guarentee tests, which is quite different from the R & D work carried out at N.A.L.

* 4+ CONCLUSIONS i

A closed circuit test rig for testing Inthzstr:la]’ Refrigeratlon, Turbocharger and Gas
,Turbine compressors will be built at Propulsion Division, N.A.L., Bangdlore. This facility
helps to test the centxd.mgal tmpellers at reduced power using heavy gas like Freon-lz.

This also enables us to atudy the effects of Reynolds number and Mach number on compressor ,

7 perfomame‘.v Initially compressom will be t;sted both ‘in Air and Freon-12 modiums The
performance deviations in both caeee due to Rey'nolds number and Mach number were suitably
correlated with the experimental data obtained. k In la.tter stagee High Pressure ratio air

, 'compreesors will ‘be teeted in rreon-lz medium to reduce the power required and the perfomance
thus obtained will be euite.bly oorrected uaing the earlier correlations to get the performance
in Air. Thus eliminating the impeller atzess and higx epeed bearing problems to some extent.

!l‘he authors thenk UNDP/UNDSCO for finanoial aesistance given to build the closed circuit

Al i

test rig at N.A.L., angtlore and deputing two of N.A L. Scimtists abroad to get training in

cloged oimuit compressor reeeamh.v' The authore aleo thank Dr.P.A Paranjpe, Head, Propulaion

Divieion, N.A.L. (Project Dnector, UNDP) for h:.s valuable euggeetione and in coozdinating the
Project to commission the' closed cimuit teet rig at N.A.Iu L
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‘SPECIFICATION OF CI»OCTER . _AT N. A'.' P. :

K

—

Type "3

Horizontal closed circuit

“ To test _Industﬂai, Ges '.l"urb:l.ne,_' A

compressors

Worldng
Medium

| Atr, Preon-12, Preon-12 + Argon. . |

Output (KW)

Motor Power . .

L

Compressor Max.

Speed (RPM)

Impeller Max.
Tip Dimameter -
(1)

525

fi

Flow coeffi~ - .
olent
e
B/ @ o1
3 o e o e S 0 D5
2.
D
/4 202

i

0.1145 (Typical For Industrial Comp

Head coeff.

v AK!.

=
T,
s
.2

109 (Typical For industrisl comp.)|

. Turbocharger, Rgfrige;ntion G F. ’l
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