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1.  Introduction

In a recent publioa‘b10n1 the problem of defining the thrust of
a jet engine, or the internal drag of a ducted body, is congidered in
some detail. This Report was conpiled by a special Panel of the A R C
and, during its discussions, concern was oxpressed at the position
regarding the definitions of certain quantities having the dinensions of
pressure; an some cases the nost W del y-used definitions were not
rigorous, in others a varicty of names were in use. In addition, sone
quantities of considerable value in fluid dynamcs were either unnamed or
had been given msleading names, This state of affairs was felt to be
undesirable. As a result, tho ARC set up a small Panel to consider
the matter nmore fully. The Panel contained representatives from both of
the t wo amportant gr oups interested in obt ai ni ng wnaformity i nthis field,
those concerned W th external aerodynam cs end those primarily interested
an internal flow problons.

The monbors of the Pansl werez-

Prof. W A Mair Chai rman)

M. I. M Davidson INNG. T.E.)

M. F. B Greatrex S.BAC)

M. C H E Wrren RAE)

Prof. A D. Young

M. E. W E Rogers (N.P.L., Secrotary).

In the fol lowing paragraphs, the recommendations agreed by the
Panel are set out; for eonvenicneec, the formal definitions of the various
quantitios are gathored toget her in an Appendi x. Tho dofinitions have
been framed so that they arc applicable to tho flow of a continuous fluid.
For low-density (i.0., froe molecular) gases, different definitions
woul d be required.

2. Quantitios having tho Dimensions Of Pressurc

Tho pressure at a point within a fluid can be formally defined
as the noan of tho normal conponents of stress on thrce mutually-
perpendicular clements of surfaces at that point, at rest relative to the
fluid. For a fluid an notion the pressurc is usually called Sstatic pressure

to distinguish it fromothor quantities also having the dinensions of
pressure, and the Panel recomends that the usc of this torm should
contanue. The static prossuro is the pressure ntasurod by an
infinitesimal i nstrunent at rost relative to tho fluid, or by a
correctly designod and aligned static tube. If the fluid is considered
as being composod of di scretemolecules, the static pressure can bo
regarded as arising fromtho random notion of thcso moleculcs, a notion
whioh i s superimposed on tho general directed notion of the fluid.
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If the fluid is brought to rest by a process which is both
isentroprc and adiabatic+, the pressure i1ncrecages to a maximum value.
The Panel recommends that this maximum value be called tho total pressure
of tho fluid. Rosorvoir pressure.may be used as en altcrnative name,
where this 18 more descriptive Or is ‘preferred.

In tho past, tho term ‘stagnation pressure’ has sometimes been
used synonymously with total pressure. The Panel recommends that
stagnation pressure be usod only to describe tho pressure at a stagnation
point on a body, defined, for the purposes of this Report, as a point
whore the velocity of the fluid is zero relative to the body, and where
the streamlines divade and continue downstream to follow the contour of
the body,

The Panol recommends that the torm dynamic pressure be used
for the differenco botwcen the total and static pressures. Bernoulli’'s
equation shows that for an incompressible fluid this is equal to half
the product of the density and the squarc of the velocity, i.e., the
kinetic encrgy per unit volume of the fluid. For a compressible fluid
this equality 13 no longer valid and the Panel recommends that the
kinetic energy por unit volume should be called the kinetic pressure, to
distinguish it from tho dynamic pressure.

In subsonic flow the total pressure is measured by a pitot tube
if this is correctly aligned, provided tho Roynolds number of the tube
is not vory small. When the flow is supersonic, however, a normal shock
wave oxists ahead of tho tube end the measured pressure is then the total
pressurc downstream of the shock waves this is smaller than the total
pressure upstream of the shock wave, The Panel recommends that the
pressurce measurcd by a correctly-aligned patot tube should be called the
pitot pressurc for both subsonic and supersonic flows.

The difference between the pitot and static prossures is
commonly used to dotermine the specd of an aircraft. Whon the speed is
subsonic the quantity measured IS the dynamic pressurc, but at supersonic
speeds the observed pressurc difforence is smaller than tho dynamic
pressurc, It may bo convenient in certain types of work (c.g., the
determination of position error) to have a name for the difference between
tho pitot end static prcssuros, end the Panel suggest that indicated
dynamic pressure should then e used.

A quantity which often arises when changes of momentum are being
considered is the product of the density and the square of the volocity.
This quantity i1s the momentum flux per unit area across a surface normal
to the streamlines, and at present has no well-established name. The
Panel suggests that it should be called the momentum pressure! if a need
is felt for a more oxplicat form of this name momentum-flux pressure is
suggested.

Tho sum of the static pressure and the momentum pressure arises

naturally in applying the mementum cquation t0 dotermine the force on a
body; for this rcason the Panel suggests that this quantity be called the

rcaction Prcssuro.

3./

*1t is possiblo for an irreversible process to maintain constant entropy
{(i.e., to bo isontropic) by transferring heat across tho boundaries of
the flow. In the process being oonsidcrod this heat transfer must not
be allowod to occurg honco tho need for the doublo condition of
1sentropic and adiabatic flow.



3. Concludine Remar ks

It 15 hoped that a goneral adoption of the nanes and definitions
contained in this Report will roducc the prcsent anbiguity in the field of
fluid dynamics and will encourage uniformty betwocn tho various branches
of the subject, each of which has hitherto tended to develop its own
nomenclature,

APPENDI X

Definitions of Quantities having tho Dinensions of Pressure

The fol | owing dcfinitions relate to a continuous fluid.

1. Staticpressure.~ The nmoan of the normal conponents of stress
on three nutually-perpendicular elements of surface, at rest
rclativo to tho fluid. It ag the prossurc measured by an
infinitesimal instrument at rost rel ative tothe fluid.

2. Total pressure.~ Tho prcssure which would arise if the fluid
wore pbrought to rest isentropically and adiabatically.

3, Stagnation pressurc.- Tho pressure at a stagnation point on
a body.

4. Dynamic pressuro.- 1he difference between the total prcssure
end the static prcssuro.

5. Indicatod dynamic pressurc.- The difference botween t he pitot
pressure end the static prcssuro.

6.Ki neti ¢ prossure.~ Tho kinetic cnergy per unit volume of the
flud. Tt 18 equal to half tho product of tho fluid density
and the squarc of tho velocity.

7. Pitot pressure.~ The prcssurc measured by a pitot tube
correctly aligned with tho stream At a point where the flow
18 subsonic 1t is equal to tho total pressure*; at a point
whore the flow is suporsonic it 18 equal to the total prcssure
behind a nommal shock wavae.

8. Mmentum pressure.— The nonmentum flux per unit area across a
gurface normal to the local flow It 18 equal to tho product
of the fluid densaty and the square of tho veclocaty

9. Reaction pressurc.- The sumof the static prcssure end the
nmoment um pressureo.

Reforences/

*The excoptional caec of very small tube Reynolds number is not
considered here.
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