
A I RCRAFT:

FILE NO:

TITLE:

Arrow 2

A VR O A /R CRA FT IlMlTED
MALTON . ONTARIO

TECHNICAL DEPARTMENT (Aircraft)

REPORT NOI

NO. OF SHEETS:

FltUFOSHD IiASS FLUW itlllTitUll,ilii

SUPERV I SED BY

'RE'ARED 
ev J" D::Lrbur 

"qDoarr 
I'{arch 26/SA

.HECKED BY d Lt*l oorr 46+ ,/n

)

I
I

r,

DATE

l

o
a

u
o
E

? /Svstems ?2 /L

APPR.,ED ,, dffiruu*-&Aa*H,-o"z 
a/' I



*". 7z/systen 2z/t11
lrD#;\ AVRO A/RCRAFf t/MlfEO

MALTON - ONTARIO

TECHNICAL DEPARTMENT
I

REPORT N(

SHEET NO.

PREPARED BY OATEAIRCRAFT:

J, Dubburv z
CHECKED BY DATE

INTitUTUCI{li!

For many pruposes it is necessary to know or control Nhe

mass flow of fluid (liquid or ,qas) dovrn a duct.

The coolinE capacity of air in aireraft air conciitioning

systerns iiepencis on the rnass flow and it is therefore

necossary to control this tluantity"

In conneciion v,,ith the cieveloprnent of the UF 105 air
conditionlne it has btrn found that, no known purveyor

of air conditionins equipment has a satisfactory mass

flow c,rntroller available,

All avallabl.e svstems hav+ fundamental crrors which

(over the r"elatively larqe ranqe of pr-ossures

required) cause unacceptable tolerances.

The present nronosal is for a simple robust mass

llow control-1err.,'hich should prorride more than

adequate accurac.y f or the I05 : nclica tion beside

possessing possibil-ilies of development for many

other applications.
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Prin c_lple I

Consi.lel. a t"otor consistinq of blaCes havinq their nero 
I
I

l-ift chorcl lines narallel to the ciirection of 
I

I

undisNribuled flot,r," I

Then the torque exert",J by a b1ar1e element is qiven I

I

by (Sr:e i|isure 1) 
I

sQ = c*f (vl^,?+').* 5* -*----*(r.) I/_l
trt/here fN is the r:lade rrormal force coefficient 

I

I

P is the air oensi-ty 
I

I

Y is lhe axial velocitY of llorv 
I(.^) is thc ancular velocily of thc rotor 
I

I{" is the raoius of the element 
I

C is uhe chcrcl of the element 
I

I,jor",r if oJ.t- &-V t,hen attr t< Va I
I

therefcre equation (1) becomes 
I

[Q= C*EVI*6',n ------(2) 
I'' z 
I

Nour the incidcnce of fhe blai e is .'.i vcn by, 
Ix =?h-^'f +S lf a?r<*V 
I

I

Assuminq that C., = Ld = o,H then (2) 
I

I

,:eCOmeS I 
I

6 0 = a, f- V a: rr'ac S t ***----- (3 ) 
I\ '[Z 
i
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Novr the mas:; flow down the r:uct is eiven by 
I

wL = P/a 
I

I*Ihere A is lktc annules in r,\rhich the rotor acts" 
I

.ihus P V = *la which substirurect in (: ) gives, 
I

SQ = * a:*-ac Srr- -(t*) IZAi
Inteqratinq (u- ) eives , I

'= ffifi:; 
r'ra"""::::: 

:Hbrare 
leAl

l.slhere ll is the number of blaCes on the rotor 
I

rn (5) No," /* 3- r 3 ) is a constant for Iaa \ a t / 
|

any given rotor equals K say" 
I

Thus (t) become. 
I

t)z K*rucr 
I

or 1,lL = q/ou ---**- (6 ) 
I

Then if the anEul-ar velocity is kept constant, the mass 
I

flor^r is ciirectly propor"ti-onal to the torque (a) applied 
j

to l,he rotor" 
I

Il shoulcl 'oe rrotecl that the above analysis ne.qlects 
I

the effect of rational inflorv, This has been inclucied I

I

in more detailed analyses anii does not affect in any way 
I

the linear relationship cet,,veen 144, anci ii above, 
I

thouqh it rioes effect lhe value of the consthnt K" 
I
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(as on the 105)

The rotor i:larJes rnust always be orlei'a t,ins r.^iithin the

ranne for ,.qhich AC" An is constant"
I

This imolies srnall incidence and thus low rotational
speed" Since blarie dras coefficient is of liltle,

signif icance it rnay we}l be lha| thc use of blunt

trailing edqe aerofail seetions wifl be

beneficial" Howe..rer, there must always be some

volume flow bclotu which the Iinearity between

torque and mass flor"r f ails"

ll) Since thc llade incidences are very small under,

some circumstanc es ( i " e, hi.qtr fl-ow a t 1 ow pr essure

and hiqh temperature) the flow ahead of the

rotor must l;e very free of sivir.L-

This is easi ly and convenl"er: [1.,r ilccomplished brr the

insertion ofl a short lenzt,h of honey ccmb a short

,.listn:bance upstream of th-' rotor,

OATE

DATE

Sources of errql

The torque witl be proportlonal to Inass flow if the followi

conci ltions are sati-sficd.
(1) The rnotor speed is constant" This can easily be

achiev,:d r,tith a sychronous hysteresis motor

where a constant frequency supnlv is available

(2)

PREPAREO BY
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The rotor blades must be set with their zero lift

chord lines exactly paraIlel to the undisturbed

flow direetion"

This could in all probability be most convenlently

achieved in practice by mounting the rotor in the

duct so that it is free to turn and if neeessary

adjusting the blades until no rotation oecurs,

Makine diametrically apposed pairs of blades of the

solid pieee of material should help since a smalL

positive error on one side automaticallv beeomes

a sma1l neqative error on the other and thus

larqely cancel-s out"

'Ihe 1llach number of the blades must be suffjciently
lovq for )'e" /)a to be unaffeeted i:y compressibility,

The torque required by the motor must be withln

the capaclty of the motor to maintain

synchronous speed,

Numerial investiqations earried out ts eiate suggcst

that thls 1e easlly arranged for motors avallable
troff t}:e shelfrr,

(i)

(6)
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Fundanental edyen:[ege E

ltlithin the limitations mentioned above, the torque is

dependent only on the mass fl-ow - it being independent of

pressure, temperature and chemical eomposition" (i"e"

independent of density) "

This characteristic is not (to the authors knowledqe and

belief ) extribu|ed by any commerci.ally avai"lable flow

meter or controll-ero

The torque available to operate a control or indicating

system can be increased to any valve required by reducing

the stiffness of the restraining spring =nd increasing

the reduction gearing between motor case rotation and out-

put (See Fieure 2) " Thus no delicate sigrral

amplificatlon is neeessary"

The flow to whlch the devlee cont,rols can easily

be chanqed by increasing or decreasinq the sprlng

torque" Since the torque is a linear function of mass

flow ehanqing Nhe flow setting would not effect the

sensitivity (This is not so on ventunis for exampJ-e)

The sensitivity can be chanqed to any required degree

by varvine the spring stiffness" TLre device can be

rnade robust so that the pa;saq+ of small foreien bodtes

throuqh i-t (e"q, ice) wouki not cause dama.ee. fn thls
r+spect steel rotor blades wsuld seem desi-rable,

n
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T ypr q al --a-pp-h 
q a!i--onq I

I

ft is desiqned to control th* flow in a ciuct to 27 "5 \b/min. 
I

I

The 1,otal pressure at the controller vari?s bctiueen 6 and f6 I

I

psia aL a total temnerature of 520oR. 
I

I

The above conditlcns corresnonds to lhe 105 cockpit inlet 
I

l

conditions, Noti: that +;he densily at the controller is 
I

varyinq by 2.67:t" I

I

Assume a rotor havlng iwo bi-acles ano of lrr chorti" 
I

I

Tlre root and tip radi-i are ltt and L"75t' respectively 
I

I

The rotor is cj,rirren al 600 RPI'{ I

I

The blaele elements were assumed to have a lift curlre slope I

I

of 21T /radian up to an incicience of 4o. Thls is probably 
I

I

a somewhat pessenistic assumFtion' 
I

'I'he torque or mass fl-ow characteristics are shor.sn in I

I

Finr;re ?. 
I

These calculations included the effecl of I

I

inf }ow" I

I

The effect of varyinq the number and chord of rotor 
I

blacies at the oesisn noinN 1{AS next investieated, the 
I

I

re sul ts beinq shown : n Fi{ur3 L+" 
I

It r.,ias assumed that ';:.?.5 lb/min was passinq throueh the I

I

rotor at a iotal- prrJssure of L6 psia *nci a iotal temperature I

l

of 52Ootr. I'he rotor root and tip ratlij- rtrere I inch 
I

I

and L.?5 irrches respect:vely. 
I
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The blade lncidence of Nhe tip (r"rhere it ls a maximum)

r{as assumed lo be 3"5o "

The effects of rotat,ionai inflow are shobrn by the

increasing RPI''{ r../ith solidity to maintain constant tip

inci-dence.

Both the above sets of calculations rcake no allotvance

for tip losses so Nhat t!:e torcue actual l-,, achj-eved

is likely to br som=what le:s than calculated,

t.
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