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Recommendations of the Zngine-Acrodvnamics Sub-Committes
of the Aercnautical Ressarch Council

In discussions, for which this paper was prepared, the
Sub-Committee revicwcd varwous noinilons used in engine-serodysrmics
work, A limited degree of standardization was thought desirable to
reduce the variety of symbols used for certein common quantities and
to conform with accepted practice over o wider technical field.

The Sub=Committec thereforce recommended: -

"That the following notation should be adopted as a
standard for A,R.C. and Fstablishment publications: -

Total pressure P, ) (H

or (
Stotic pressure P (p
Totel tempcraturc Ty

Static temperature T

Velocity of sound a
Mech number I
Reynolds nunber Re
Gas constant R

For mass flow W is o ftentative curgestiorn and an alternative
t0 ry for loss coefficrent shoull be found,”

The notation covercd by this recommendation should be
substituted for that -1ven 1in the present peper to bring the record
of NG,T,E, usage uwp to datc., The omission of the word "head" in
the expressions "total-hcad pressurc" and "totol-heod temperature"
should be noted,
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SULIARY

Thas lemorandumn recerds and defines ths current srstem of notation
which 15 zn gencral usc, at the Iational Ges Turbine Establishment, for
woric on axial flow compressors and cascade investigations in general, and
which 1s belng applied to some externt to the work on turbinos. Heat
transfer and supcrsonic flow aspects and other specilalized treatments are
excluded.

Detailed definltrons and exolanations are given in classifired lists,
1llustrated by figures, and alphabetical and anunerical lists 2f the syubols,

suffixes and 1ndices are included.
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1.0 Tntroduction

Thig iemorandum, which has been prepared at the request of {the Engine
Aerodynamics Sub«Commzttes of the Asronautical Research Council, records
and defines the fluid dynamic notation in current use at the N.G.T.E. in
the field of axial flow turbo-machines, excluding the specialized heat
travsfer and supcrsonic flow capects.

The notation i defined and 1llustrated as applied to both compressor
and turbins blading and 15 the establishea practice, in the N.G.T.E., for
cascade 1nvestigations in gencral and for work on axilal flow compressors.
It 1z normally cmployed zn the ceneralized, fundamental treatment of both
compressors ond turbinces, and the present tendency :m turbine design and
performance work 1s to ndopt, as far as pogsible, the same bosic conven-
tiong as for compressors. The two machines have a commpon fluad dynamic
busig, though thoy possess rudividual charactoristics, and a comnon nota-
tion would be desirable.

The ligts do not give o completc record of the notation which has
been smployeds being limited to the symbols comronly used in design and
perforrance work and 1u gencral analysis. Additional notation is requared
for work of a speclalized nature, such as boundary-layer and threc-dimsn-
s1onal flow analysis and potential flow theory. Existing common practice

5 Tollowed iv such cases, whsrce possibl.:, and while this sometimes involwes
duplication with symbols listed here, thers i1s usually little dafficulty
in avoiding confusion.

The notation, whach is derived primarily from references 1 and 2, cor-
regsponds to a large extent with that uvscd 1n moot of the basic works on
the development of axizl {low compressor and cascade thsory in this country
and within this ficld much of the notation 1z in common use in industry.
Soms changes and additions have been made, since the issue of these reports,
as 15 always necessary for original work in a developing subject.

In section 2.0, clasgifred lists are given cof ths basic notation, 2.u.
the general syrwbolg for fundamental nnd frequently occurring quantitics.
The gymbols and terminology are defined in detarl in section 3.0 and some
of the principal relationg are quoted. Finally, alphabetical aond nurerical
lists are presented in section 4.0, covering the symbols, suffixes and rndicos
appearing in the previous scectious.



2.0

Basliec Fotation

ce Cener=1

) length

d drametear

r radius

v permmeter

A ares

N spesd of revolution

U blade speed

g sccoelerction due to gravity

W mass flow

m effrcisncy

2.2 Blade geomstry

c blade chord (length)

h blade height

5 pitch (or blade spacing)

B blade angle (from snxial)

z hlade stagger angls
blade camber angle

2.3 PFluid velccitisg and ancles

v fluid velocity

a fluad flow angle (from axial)

i incidence

O deviation

e deflection

Zay  Pluad

stoate, ute.

I)

Piot

R

W

static pressure (absolute)

total-head pressure (absolute)

pressure differsuce or change wn pressure
pressure rotic

loss of totzl-head pressure
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2.5 Thormodynamic ~nd rerodynrmic oroperdies and conditions

static temperature {absolute)

total-head temperature (absclute)

temperature difference or change in temperature

density

relative density

mechanic~l equivalent of heat
zas congtant

specifirce hoot nt constant pressurc
specific heat at constunt volume
ratio of specific berts = K /K,
viscosity

kinematic viscosity

acoustic veloerty

wach mumber = V/Vq

Heynolds number

skin frictiorn coefficient

drag coefficient

11ft coeffaicrent
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3.0 Clossified Notation and Definitions

3.1  The base profile (Fig. 1)

{(a) Tlotation

e chord (length)

t maximm thickness

L.E. leading edge

T.E. trailing edge

ry radius of curvature of L.E.
ro radius of curvature of T.E.

(b) Specification

In specifying the details of a base profile the following are
quoted:-

(i) a series of crdinates, to the upper and lower surfaces, as measured
perpendicular to the stroaight base line at dufferent stations from
the LeE. Stations are given as distances from the L.3. expressed as
percentages of the blade chord, the usuel values being:-
0, 1.25, 2.5, 5.0, 7.5, 10, 15, 20, 30, LO, 50, 60, 70, 80, 90, 95,100.

Ordinates are expressed as percentages of the chord, usually for a maxi-
mum thickness (t/c) of 10

(21) L.E. radius as a percentage of the maximum thickness.

(iii) T.E. radius es a percentage of the maximum thickness.

(1v) maximum thickness as a percentage of chord (t/c¢ normally 10%).

(v) station of maxaimur thickuness as a percentage of chord.

Note:- The L.E. and T.B. redil arc normally varied linearly with maximun
thickness, for a given bage profilc, though this 1s not strictly

accurate.

(¢) Base profile code

The base profile is desigmnated by a letter 2nd number code, £.g.
Ch, T6. The number is a siurple serial number, which is prefixed by the letter
C or T to signify that the profile was originated for compressor or turbine
uge.

3.2 Carber line details (¥Fig. 1)

(a) Notation

The general uotation i1s 1llustrated in Fig. 1.
a dastance of point of muxinum cawber from L.E.
b rexinum carmbor

o] chord
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e camber angle = %1 + %2
%1 camber inlet angle
¥ o camber outlet angle

(b) Sign counventicn

9, x4 ond ¥p ore always considered as positive.

(¢) Camber line forms

Carcular or parabolic-arce combor lines are normally used. Thesc
ars 1llustrated in Fig. 1, which gives the principal geometrical relations.

(a) Cenber line code

The camber line details are specified in code form by quoting
the following particulars, which completely defane the geometry, in the order
given:-
(1)} comber ongle (8) in degrses,
(i1) form of camber, denoted by @ for cirewlar-arc or P for parabolic-arc,
(21i2) distance of raxinum camber from L.E. (2) as a percentage of chord,

Example:-  25P40

3.3 The cambered blade ssction (Fig. 2)

(a) Constyuction

A bladc section 1s produced by superamposing a base profile of
tns reguired thickness on 40 2 carber line of' the required form and camber
angle, the construction bsing as follows:-

(1)  the basc profile ordinates are rultiplied by the ratic of the reguired
maximum thickness to the base profile maxamum thickness and arc also
scaled in preoportion te the dssign chord,

(i1) stations are rarked off along the camber line (nmot the chord line) at
proporticnal distaunces {rom the leading edge as quoted for the base
profile,

{211) the ordinates are measursd off, normal tc the camber line, at the aporo-
priate stations,

(iv) 1leading and trailing wdge eircles are drawn to pass through the end
pointe of the cumber Jine, with zentres on the camber line,

(v)  the ordinates ~re juined by smooth surves blending tengentially into
the leading and 4reiling edge circles.

(p) Blade chord

The notation dirfers from common zsolated asrofoil practice. The
leading and trailing edges of the blade ars defireed by the points of inter-
gsection of the camber line with tne profile and the straight lins Joining
Lawwe pornts is the "chord" line. Then the chord can be bricily defined as:-

G biade chord
= length of" streight Iice Joining the leading and trailaing
edges of the cowber line.



(c) Blade code
The complete blade section is specified by comblning the base pro-
f1le and camber line codes, with the addition of the thickness/chord ratio

cxpressed as a percentage, and 15 guosed os follows:-

& base o camber a
= fa 2
e Z profile form e %

Example:- 12C4/25P40.

344  The blade in cascade

(a) 8ign conventioun

The convention of signs, for the measurement of angles in cascades,
can be derived from the isclated blade, as follows:-

Angles are measurcd positive in the dircction of rotation defined by following
the blade camber line from the trailing cdge to the leading edge (ses Fig. 2).

Hote:- In considering a common sign convention for both compressors and tur-
pines, 1t is clear that whotever aystum iz adopted the normal compresscr blade
will have 1nlet and cutlet wngles o the same sign, while the corrcsponding
angles for the normnl turbine blade «211 have opposite signs. It 18 reason~
able therefore to adopt the convention which rmakes the compressor angles both
positive.

(b)  Stegger and pitch (Fig. 2)

For the i1solated blade the chiord line forms an obwvious axis of
refercnce, but in cascade the "axial" direction (normal to the line of the
sascade) is used. The blade stagger can be considered as the shaft of the
axis of reference from the isolated blade to the cascade. The notatron was
originally adopted to conform with nermal biplane sircraft practice.

Z bladz stagger angle,
= angle of wnclination of the blade measured from the
chord line to the axial dircction.
(Normslly negstive for compressor cascades and positive
for turbine cascades)

8 piteh (or blade spacing)
= distancs between corresponding points on adJacunt
blades, moasured parallcl to the cascadc.
(Always considerced positive)

Hotes= Stagger and pitch, 1n conjunction vith the blade code details, com~
pletely define the cascade.

(c) Goneral scometry (rag. 3)

h blade height
s14Re aspect ratio = h/c
Ay throat arca - comprussor blading (normally ner unit

blade height and therefore also used ss throat width)

0 blade opening - turbine blading.



(a)

-0 -

Blade angles (Fig. 3)

All angles are measured from the axaal directioun.

<o

(£)

blade angle
= angle measured from the axial darection to the tangeny
to the camber line at the leading or trailing edge

blade inlet angle

blade outlet angle

By = —Z+
Bp = =5 =X
8 = X+ p=Py- B2

Fluid flow angles (Fig. 4)

fluid flow angle
= angle measured {rom the axial direction to the flow
direction

1niet flov angls
outlet flow angle

incidence

= angle measured from the blade inlet direction to
the 1nlet flow direction

= Tq = B

(Note:= this daffers from 1solated aerofoil practicc)

deviation {of flow from blade outlet direction)
= angle measured {rom blade outlct darectrion to flow
diraction

=0p = B2

deflection
= aq - ap (always positive)
=8 + 1~ 5

Fluid velocitics (Fig. 4)

Sign convention =~ Fluid velocities resolved normal to the cascade, L.<. 1N

the axial direction, are considered positive 1n the direction of flow through
the cascade. The sign of wvelocitises resolved along the cascade direction
follows from the angle convention.

v

Va

Vi

fluzd velocity

ax1al velocity
= component resolved normal to the cascade

whirl velocity
= component resolved parallel to the cascade

SQuffixes 1 and 2 are used on the sbove to denote inlet and ocutlet
values respectively.

Then:-

VW1 = Va1 ten ay
VW2 = Vaz tan CL2
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(g) Vector msan values (Fag. i)

Uém. mean of inlet and outlet axial velocities
Vi veector mean of fluid inlet and outlet velocities
Qg vector mean of fluid inlet and outlet flow angles

From the velooity triangles in Pig. 4=

1
Va, = 2 (Va, + Vy,)
V. = V sec
m an A
. va.l V&

tan =3 weee Tam @+ s=——— tan g

“m 7, 17T 2

Zm |

|
-

(tan aq + tan ap) af Va, = Va,

3.5 The cascade in two~dimensionsl flow

(a) TFlow losses
w loss of total head pressure
W mean loss of total head pressure through z cascade
Loss coefficients are frequently used, and are cbiained by expressing
the loss as a fraction of a velocity head, usually of the highest {low velo-

city. For convenience 1n dealing with compressibtle flow the "dynamic pressurc”,
1.0 the difference hetween total and static pressures, 1s normally employed.

3/%0V12 and 57(Pt0t1 - P4) = on inlet conditious
(common form for compressor cascades)

GV%DVZE and W/(Pyyt, ~ Pp) = on outlet conditions
2 {common form for turbine cascades)

a/(Ptut1 - Pp) has 2lso been used for turbine cascades. Here the
dynamic pressure corresponds to the theoretical outlet
veloeilty, with ne losses.

{b) Continuity iv cascade testing

For two=dimensional flow, the contimuity relation gives:-

P4 Va1 = po th = ™M V1 COS a4 = Pp V2 CO8 ap
As a messure of the approach to two-dimensicual flow in a cascads
tunnel, the following coefficilent is used:-

E contraction coefficient
P4 Va1 eq V4 cos g

- pz Vaz p2 V2 cOo3 (1;2



{¢)  Change in pressure throush the cascade

AP change in preasure

:PE-P"
RS Vaz(tan2a1 - tanzag) -w (Incompress:ble flov)
(Wormally pesitave for comprossor cascades and ncgative for
turbine cuscades)

1}

APy, theoretical change in pressure (no losses)

= 0 de(tan2q - taagmz) (Incompressible flow)

4

Progsureerize cocficients arc obtaine. by ororessing the progsure rise
as a fraction of the velocity hoead, 28 with the losses.

(a) Torc.s ca #he plade 11 cascade (Fapge 5)

The foresz oxortel by the fluid »m the plade 1s giver by thoe rate
of inflow of momentuwn over the control surfaces shown in Firg. H.  Resolving

normal and paralicl 4o the ceseade, for unet nlade height, gives:-

Axial force on blade

i

-5 A0 4 W(Vj1 - Vug)
= =35.AF (Incompressible flow)
(Wormully nugative [or compressor cascades and positive ror
turbine cascados)
Tangentlial force on bl.de
RTINS
= 3 \‘fq—” - VWE)
= a2 ; .
=80V, (t:n ay ~ ton @2) {Incompressible {low)
(Vormllly posttive for both corpressor and turbilu. cascades)

(2)  Iaft avo dr.g (aoconpressible Clow

The forces reoulved norrel and parall.l to the vector _can fluld
velocwty are knowm as the "Lofi" and "drag" respoctively.

L 117t (por unat Length of blade)
= componcat of resultant force on blode resolved aosual
to the veetor .w.u Uluid veloeaty (positive in dircction
of comber)

D drog (per unit longth of blade)
= componenl of resultent force on blade resolved parall.l to
the vector me n rluid velocity (positive in direction from
leadivy cdrme to trailang edpe)

1
e

(£}  Coufficicuts of 1lift ond drag

Nonwdimensiondd 111t ~no dracs coefficrents wre obtained by cx=
preosing Lift e dre | an forrs of tae vector moan velocity heod and the oladu
chord.

O, 11t cocflicromt (on vector mean velocity)
]
1 Z
= L/5eV,, e
5
= 2 = (ten aq = tun ap) cos an = COp tan ag
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Cq drag coefficient {on vector mean velocity)
1
= EVngmz.c
b _S_. -("T . CO8 g,
¢ eV "
- 3
S e
C ZoVq e cos2a1

(Common form for compressor cascades)

— {"‘3
o cos o
= %. 5 - o (Common form for turbine cascades)
2AV5 cosdc,2

Special 1lift and dreg coefficiunts are obtaincd Ly the use of the velo-
c1ty head based on the outlst velocity instead o the vector mean. Their use
18 of great advantage 1n the analysis of theorcetical cascade performance, in
conjunction with blade presgure distributions alse referred to ocutlet condi-
tions. This practlce gives zero rulatilve pressure at the trailing edzes of
all aercfoils, whether isolated or in cuscade (both ~ompressor and turbine).
The 1ift coefficiont based on the outlet volocity 1s knovm, for convenisuce,
as the "loading factor'.

Vo= GL(V?) = loading uctor
* = 1afh coefficiont bosed on outlet veloolity
’ ) A 0052&2
= L/;JC‘VQ « = IR 2
COE
£ ffzoiemnt bosad tlet velootnt
CD(Vz) drag cocffieien ﬁzon outlet velocity
- 2 . d co3 @2
= D/‘J pVZ « 3 = UD.—-—-E—-—
cosan

Since the drog 1s normally small corparcd with the 11ft, theoreticel
1ift coefficrents, for flow with uo losscs, are froquently usced. They are
distinguished by the suffixz “th", vhere necessory.

CLth theoretical 1ift cocr’f cient (on veotor rean velocity)
= 2 % (tan Ay~ olan &:) COB Qyy

Frequent use 1s made of the ratio o 1:ft to drag, which can also be
expresscd in terms of the 1:£t =nd drag coefficicuts.

L/D 1ift/drag ratio
= C1/0p = CL{v,)/O(V,)

{(g) Stelling condations

4 cageads is s2id to be "stalled" when the deflection ceases to
rige steadily with 1ncreasing incidence aud the loss coufficient starts 4o
inerease reaprdly. In the past, the stalling incidence was smplrilcally defined
as that ceorresponding to reximum deflection, cascad. propertics at this point
being denoted by the suftTix "o'; but vhere the point of mexioun deflection
vias indefinite it was the practice to acssume tnat stalling occuwrred .hen the
totel~hcad loss coefticient had riser to twice ite mainirwr value. This latter
definition has nov besn adopted, bucause of 1ts nore general application, and
the corresponding cascade propertics are dewnoted by the sulfix “s%.

stalling incidencs
= 1ncidence at wnich the loss~coefficient has riscn to twice
1ts nanuoon valae

lg

stalling dcflection

U]
]
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{h) "Hominal" perfoamnce values

For design purposcs 1t .o 1n~avisabl. to use values cloge to the
gtalling conditions und "rmovinal® values wie therefore defined as those cor-
responding to a deflection of 0.0 of the stalling deflection. Theso values
are distinguished by an asterisk.

% .
£ nominel doeflection
= Ol8 SS
& nominal deviation
1 empirical Tactor (for nominal deviation)

=" oS

(i) "Optinun" performance values

Por use in cascade performancc analysis, "optimum® valucs are
del tned as those corresponding to masximur 1if%/drag ratio. Those values are

14

distinguished by the sufifix "opt".

(3) Relation of easnade porformence to the igolated acrofoil

Ta gencraligzed cascade performance analysis, the isolated acro-
foil 1s considerced o3 a cascaac of infinits pitch 2nd values for this coudi-

tion are denoted by the suffix "'

(k} Scale eftects

Ry Roynolds number (based on blade chord)

p1v1c/@1 on 1nlet conditions
(comron form for compressor cascades)

0,Vpc/un  on cutlet condrtions
(common form for turbine cascadus)

1

ft

The craitical Reymolds number rrngce is delined by the relatively large
wnereass 1n maximwa deflection obtolned with inereasing Reynelds numbers in
this range.

T.F. turbulence Tactor

Bffective Reynelds number = Test Reynolds Number x T.F.
= vailue 01 hn 2t which simnlar test dsata would be obiained
in 2 turbulenco=freo tunnsl.

(1) High-gneed performenas

kach mupber = V/V,

Noter~ This normally refers to the i1nlet rach number for
compressor cascades. For turbine cascades the outlet ilach
number 18 &lso used and the two can be distainguisned by the
suffixes 1 and 2 ruespectively.

For compressor cascades, an enpirical critical llach number is used as o
measure of the onset of comprossibility eff'ects on performance. This vas pro-
viocusly defined by the com cuncasment of a fall-off in the pressure rise coeffi-
cient wvith inerezsing :izch number at a grven inecidence, but 2t 18 now related
to « spscified increass in loss it order to f1r 4 more definite value. To
avoid confusion of terminclosy, this wunprricel value 1s now known as the "drog
~rltical Mach number.

Critical l.ech Nunboer - The stream Lach number at which sonic
velocity i1s Tarst reachou locally ot some point on the blade
surface.
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iy, Drag Critical nach WNumber - The stream hach number at which
the total-head loss coofficient hos risen 40 1.5 times its
winimu valus ot the same 1ncidenceo.

g, taxinum . ach Nurber (Corpressor Cascades) - The stream rach
numbér corresponding to Zero pressure rise scross the casoade
Theoretical laximum Lach Jumber - The stream .ech nunbor
corrcsponding to sonic nesn veloclty in the blade throat.

3.5 The eascade or blade rovv in three-dimensional flow

The losses, and other quantitics, have peen defined 1u sectlon 5.5 aos
applied to two daimensional flow. These 1ceal conditicns are never fully ree
alized, even in cascade work, and in the actual nachive stezs 1% 18 necessary
To take into account the losses due to skin friction ot the amudus walls and
secondary effects at the blade ends etc. Tn this cace the basic symbols are
used as applying to the totzl loss and suffixes are used to duistioguish the
component losses and derivatives.

For example:-

wp mean profile loss of total head pressure, for twoedirensional
low (as in scction 3.5)

GDP profile drag coefficient (ou vector nean welocity) for two
damensional flow (as defined in scotion 3.5)

GDa anaulus drag coefficient {on veetor nean valocity) from the
losses due to skin frastion on the annulus wallse

Cp secondary drng coefficient (on voctor :can velocity).

B Used to include induced and other losses due to {low condi-
tions at the blade ends, tip clearances, wake 1nterlereonce
etc. which camnct, s yebt, be sceparated.

Cp total drag coefficirent
= CDP 4 CDa + CDS

A an ewpirical factor, used in connsction with seconcary
losses.
= Cp./0r 2

GDS C'Lth

n prof'ile efficiency

P = ratic of the actual pressure risc through the cascade,
with two-dimensional flow, to the theoretical pressure
rise with no losses (1.e. sfficicncy based on profile
logs only).

iy blade efficiency

= ratio of the actual pressure rise through the cascade
to the theoretical pruscurs rise with no losses {1.c.
efficiency based on total loss)

3«7 The compressor or turbine stace

(a) Definition

The stage corpriscs 2 rofor, or moving blade row with 3fs associ-
ated stator, or fixed blade rowv, and in general 1t iz considered as occurring
in the mddle of a multi-stage nechine. Fig. 6 shows the velocity triangles
and notation in the norval compressor form cud the turbine stage 1s also shown
to 1llustrate the applacation of the szame notation and couventions.



(b)  Bign conventions

Tn the normal compressor stage velocaty triangles, all flow angles
and velccities are considered positive g shown in fag. 6. In effect, sach
blade row 1s considered separately as a cascade and 1ts flow sngles and velo-
citaies follow the normal cascade convention of signs, zog previously defined.
The anlet zuide blades to o compressor are sn excentronal casc, os they fom
a positave stagger cascade, but the use of the positive sign for the absolute
inlet angle to the first stege 1s in keeping with the genersl cemsideration
of & stage as placed in the mddle of & compregsor.

The blade speed is also considered as positive 1n a Compressor
gtage and does not follow the sign couvention of the rotor row as a cascede.
Apart from 1ts obvious convenisnce, some Justification for this couvention
can be found 1n the fact that the stege work is determined from the blade
speed and the rate of change of absclute moment of momentun of the Clurd.
The latter is related to the stator row in sign anéd it is reasonable, theroe
fore, to refer the blade speed 4o the same convention.

(c) Notation and velocity triangle relstions

N speed of revolution of rotor

U blade velocity (at any given radius).
(Positive 1n compressors and negative in turbines).

The fluid anglcs and velocities are distinguished by suffaixes,as

follows:=
o upstresm stetor outlet (cbsolute)
1 rotor inlct (relative)
2 rotor outlet (relotive)
3 downstream stator inlet (absolutc)
b downgtream stotor outlet (absolute)
Then from the velocity triangles
U?dg1 = tan ag + tan ay
UZA%Q = tan wy + ton ag
(d) Tne stage performance
ﬁTtDts stage total~head temperature rise

= total~head temperature rise over rotor row.

The estimation of gtage work or temperature rise is usually based
on the cascade performance and velocity triongles at a given design diameter.
Tquating the increase in internal cnergy to the work rnput, obtaiuned from
momentun considerations and the veloeity triangle relations, (the process being
assumed adiabatic) gZives:-

Kp 8T4oe, (theoretacal) = Up Vo, tan az = Uy Va, tan a,
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In practice the stage work or temperature rise in compressors is
found to be less than this calculated value, and an erpairical correlation
factor 1s defined as:~

0 work done factor
- acttual work or temperature rigse
calculated work or temperature rise

Then the actual stage temperature rise is given by:~
Kp AT4ot, = Q (Up Va, tan a3 - Uy Vo, tan ag)
(Positive for compressors and negative for turbines)
If Uy =Up = U and Vay = Vao = Vus as 18 often the case,
KP AT'{‘.OtS =0U V; (ten @z = tan wg)
=07 V, (tan aq = tan 30)
(Notes= For turbines no such correction factor 1s necessary, L.e. Q= 1.0)

The following coefficients are uscd:-

Flow coefficisnt = V,/U -
Pressure rise cosfficient = AP /7ol
Temperature rise coofiacicut = Ky &Ttots/%Uz

3.8 Overall conditiong for the compressor or turbine

In general the suffix "o" 25 apclicd 40 quantities relating to overall
performance and the suffixes "I" and "II" are sometimes used to distinguash
fluid conditions at inlet and cutlet respectavely.

n number of stages

Mo overall efficiency
Normally sdisbatic efficiency based on total-head conditions,
but suffixes "ad" and "pol% are uscd to distinguish adiabatic
and polytropic efficiencies where necessary.
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Alphabetical and Numerical Lists of Symwbols, Suffixes and Indices

e

a

Inglish symbols

1/4
o/d

distance of point of maximum camber from leading edge.
maeximum carber

blade chord (length)

diameter

1nney diareter of flow annulus

mean drameter of flor annulus

outer diasmster of flow annulus

acceleration dus to gravity

blade height

incidence
stelling incidence

length (usually axial)

emp%rical Tactor for usviation
= & /¢ /s/c

nurber of stazes

blade opening (turbine blading)
radius

radius of curvaturc of leading edge
radius of curvature of trailing edge
pirtch (or blads spacing)

maximan thickness of blade section

perimeter

araa
annulus arsa

throat area = compressor blading, (normally per
unit blade height, therefore used also ag throst
width)

skin friction cocefficirent

drag coefficients bssed on vector-mean and outlet
velosities respectively. Used without suffixes
they normally refer 4o the fotal drag.

Suffixes a, py, 5, refer to anmulus, profile and
secondary dra’s respectively.

11ft ceoerircients based on vector-mean and outlet
velporties respectavely,

(Loto:- CL(V?) 18 elac knovn as the "loading factor®,y )
drag

mechanical equivalout ¢f heat
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8 gas constant
Kp specific heat at constant pressure
£ specific heat at constaunt volume
L 11t
n iach number = V/V¢
Mp, critical or drag critzcal mach number

L meximam . .ach number

N gpeed of revolution
P static pressure (absolute)
Prot total-head pressure (absclute)
APy APpotpressure diif'erence or change in pressure
R pressure ratio
By Reynolds oumber
T static temperature (absolute)
Teot total~head temperature (absolute)
AT AT4ot tomperature difference or change in temperature
U blade spesed
v velocity (fluid)
Vg, axial velocity
Ve acoustic velocaty
Vi veotor-mean velooity

Vi whirl velocyty

v rnean veloclty

W mass {low

A.R. aspect ratio

L.E. lecading edge

T.E. trailing edge
TeF. turbulence fzctor

442  Greek symbols

o fluid flov angle (from axial)
Cpn vector-mean fluad angle
a* norminzl fluid angle
B blade angle {fror axial)
Y ratio of specafic heats = KP/KV
S devaiation
5* nominal deviation
£ deflection
g nominal deflection

£g stalling deflection
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z blade stagmer aaggle
7 cifrielency

Naa  &dlabatic efficiency
Moul Polytropie offacicuney
e

¢ blade camber angle
A\ emouirical factor for vucondary drag
= o2
CDS/ L gn
[ v.acosity
v kinematic viseogity
3 contraction coefficrent
o daas ity
o relative density
% blode canber inlet anle
Yo blade cambor outlet angle
¥ louding factor
= 1ifit coefficicnt bused cn outlet veloerty, S1{v,)
G loss of total~head pressure
y mean loss o1 total-head pressurc
'ﬁp mean profile loss of total~head pressure
9] work done factor

I3 Sulfixes

The sulfaxes lissterd below are these which ere considercd as "separable™,
rea. thoy are .pplied to a number of vardables or serve to distinzuish valucs
{by piece cte.) without modifyine the pcasic moaning of the symbel.

aedet Alphabutical

b blade

o} over.ll

P profile

S stasc

4 throut

ops optimum (values ot maximam L/D cerdition)
i theoretical (wno losscg)

tol total=-head
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Le3.2 Nuserical

N2

LET

Author

}IO’JUll s -1 .R .

Fow:1l 3 Lok,

lade

[}
=
wn
o
H
G
o
£l
n
parS
o
o
o]
H
&2

blade

wlst, or leadiny coze (in cascade)
votor )

blede inlet (an 2 stage

blade

outlet or treiling edae (au rosande)
reter Sape )

5]
blade ocutlet (an u shage
dovnstrean st. bor inlet (in o otoge)
Qo metooal stasor outlet (wn & stege)

ivtiaity {roleting bo o seade couwditions wt wnfintio
piten)

inlut coudrtions {overall)

outlet conditions (overall)

nowlnal valiues

voluos mith isoantropiz flow.
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