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THERMODYNAMICS

INTRODUCT ION

ATRPLAWE ATR CONDITIOMING ENGINSERING DATA

This report is intended to present a brief and factual review of thermodynamics as
applied to subsonic air flow systems for aircraft,
in the gaseous state, however, certain effects of entrained water vapor are included.
Incidental heat transfer effects due to potential differences of duct walls within a

given flow system are considered to be negligible for aircraft problems.

It is generally limited to air

Useful

thermodynamic and psychrometric charts are also provided.

Full document details: SAE AIR25

SOCIETY OF AUTOMOTIVE ENGINEERS, Inc.

' Committec A-9, Aircraft Air Conditioning Equipment

W. W. Reaser, Chairman
Douglas Aircraft Co., Inc.

Robert L. Berner
Glenn L. Martin Co.

Fred Boeke

North American Aviation, Inc,

S. D. Browne
Barber-Colman Co.

Randolph C. Bready
Bureau of Aeronautics

Sarl Cannady
Trans World Airlines, Ine¢,

James Conners
Grumman Aircraft Corp.

Fe. D. Enfield
Pan Ameriocan World Airways

Frederick R. Ebersbach
Air lateriel Command

Henry A. Geisler
Stewart-ffarner Corp.

Vincent Gill
Republic Aviation Corp. -

Willis H. Gille
Minneapolis-Honeywell
Regulator Co.

J» F. HIll
Surface Combustion Corp.

G. A. Lemke
Consolidated=Vultee Aircraft
Corp.

B. L. I'.'ies Singer
Lockheed Aircraft Corp.

J. M. Miller
Civil Aeronautics Admin,

Dale loeller
Stratos Corp.

Charles W. Morris: .
Versatile Engineering

Eo Jo Poitr&ﬂ
Fenwal, Inc,

P, C. Scofield

AiResearch Mfg. Co.

W. C. Shaw
Hamllton Standard Div.

. E. Spearman
American Airlines System

Myron Tribus
University of California

B. J. Vierling
Aircraft Supply Corp.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-air25
http://www.avadocuments.com/doc/sae-air25

APPROVED BY SAE AERONAUTICS COMMITTEE

R. D. Kelly, CHAIRMAN
United Air Lines, Inc.

W. C. Lewrence, VICE CHMN,
American Airlines System

G. We Brady
Curtiss-Tright Corp.

John C, Buckwalter
Douglas Aircraft Co., Inc.

Jo B. Johnson
USAF Alr Materiel Command

Full document details: SAE AIR25

C. E. Mines
Allison Division - @IC

irthur Nutt
Arthur Nutt & Associates

A. E. Smith
Pratt & Whitney Airoraft

Donald F, Warner
General Electric Co,

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-air25
http://www.avadocuments.com/doc/sae-air25

TABLE OF CONTENWTS

1. THERMODYNAMICS
1.1 Thermodynamic Terms
2, DEFINITIONS

1 Adlabatic Flow Systems

2 Heat Transfer Systems

3 Mechanical Energy Transfer Systems
4 Static (Stream) Temperature

5 Total (Impact, Stagnation) Temperature
+6 Static (Stream) Pressure

7 Total (Impact) Pressure

8 Isentroplc Processes

9 Adiebatic Effioclency

10 Boundary Layer

11 Mach Number

3. BASIC PRINCIPLES

Total Temperature in Adiabatic Flow System
Static Temperature in Adiabatic Flow System
Temperature Change in Heat Transfer System
Temperature Change in Mechanical Energy Transfer System
Pressure Change in Heat Transfer System
Pressure Change in Mechanical Energy Transfer System
Density and Specific Volume
Well Radiation
Energies in Adiabatic Flow Systems

O Finetic Energy

1 Boundary Layer Temperature

2 Boundary Layer Pressure

3 First Law of Thermodynamics

4

5

« & & & & & s = =
H O ®-30 0 Mo

L] - L] L] L4

Reference Point in Mechanlical Energy Transfer Process
Mechanical Energy Transfer in a Centrifugal Field

PN U EFIHWTLWWK LK

4, THERMODYWAMIC CHARTS

1 Air Acts Approximately As a Perfect Gas

2 Determination of Energy Content of a Fluld From Chart

3 Conversion of Static and Total Pressures and Temperature
4 Properties of Air by Groups

5. ENTROPY-ENTHALPY CHART FOR AIR
6.1 Introduction

5.2 Chart Units

5.3 TUse of Chart

5.4 Correlation of Chart Units

Full document details: SAE AIR25

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-air25
http://www.avadocuments.com/doc/sae-air25

6. INSTRUMENTATION AND MEASUREMENTS

1 The Pitot Tube

2 Static Pressure Taps

«3 Temperature Measurement
4 Stream Temperature

7. ENERGY CONVERSION DEVICES

The Ram Duct
Diffusers
Wall Friction and Duct Flow
Bends and Obstructions
Heat Exchangers
Mechanical Compressors
Fans and Blowers
Turbines and Air Motors
Nozzles
0 Venturis

~N 3
* o e

-
Llolie - BE We BN S Y 7 B LS )

L]

e BB BB R

.
-

8. INFLUENCE OF WATER VAPOR

8.1 Systems Without Water in Liquid State
8.2 Systems With Water in Liquid State

9. TABLE OF AIR PROPERTIRS
10. PSYCHROMETRIC DATA

10,1 Introduction

10,2 Dew Point and Relative Humidity Corrections
10,3 Determination of Pounds of Dry Air
10.4 Correction of W' and ¥ With Altitude
10.5 Psychrometric Charts

10.6 Heat Content of Air in Btu

10.7 Relative Humidity

10.8 Absolute Humidity

10,9 The Sensible Heat Factor

10,10 Sstandard Barometric Pressures

10.11 Comfort Zone

11. BIBLIOGRAPHY

Documents

Document Sharing Hub

Full document details: SAE AIR25


http://www.avadocuments.com/doc/sae-air25
http://www.avadocuments.com/doc/sae-air25

AIRPLANE AIR CONDITIONING ENGINEERING DATA

1. THERMODYNAMICS:

1.1 Thermodynamic Terms: The following is a list of symbols which are used to

represent the Indicated thermodynamic terms. For purposes of calculation, all
quantities are expressed in consistent foot, pound, and second basic units:

p = Static pressure (1b/sq ft)

q = Dynamic pressure (lb/sq ft) q= v2

V = Volume (cu ft) %__

v = Specific volume (cu f£t/1b)

Y = Specific weight (1b/cu ft) =1

p =Mass density (slugs/ou f£t) ] p--_;

0 = p density ratio referred to sea %avel air

w = ﬁé%lib.ﬁical energy of work (transient form) (ft-1b/1b)
u = Mechanical energy (stored form) (ft-1b/1b)

W, = Mechanical potential energy (ft-1b/lb)

‘U = Mechanical kinetic enmergy (ft-lb/1b)

t = Temperature (degrees Fahrenheit, °F.)

T = Temperature (degrees Rankine, °R.) T=460 + t

hp = Horsepower

W = Angular velocity

E = Energy in general

J = Mechanical equivalent of heat (778 ft-1b/Btu)

A = Heat equivalent of mohanical_.o_n'arg ( 1 Btu/ft-1b)
g = Gravity constant (32.174 ft/sec/sec) A
v = Velocity (ft/sec) v = 1.467 v
v, = Velocity (miles/hr) v, = 0.6818 v
ey = Speeific heat at congtant pressure (Btu/deg/1b)

¢, = Specific heat at constant volume (Btu/deg/1b)

H = U + Apv = Enthalpy (Btu/1b)
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Q = Heat from or to an outside reservoir (Btu/1b)

U = Internal (molscular) enmergy (Btu/lb)

S = Entropy = The measure of the degradation of energy
. available for work (Btu/deg/lb)

r = Radius

n = Efficiency

M = Mach number

The following are physical constants for gstandard atmospherio air. These
constants are approximations but are of value in later calculationss:

8, = 0.241 Btu/deg/1b of air (specific heat at constant pressure )

0.173 Btu/deg/1b of air (specifioc heat at constant volumse)

c

v
k =o0p = 1.4 ratio of specific heats for air
T
v
R = 53.33 ft-l1b/deg/1b of air

For standard N.A.C.Ae. atmosphere at sea level the following values hold trues

2116.23 1b/sq £t (14.697 1b/sq in. = 29.921 "Hg)

o
o
| ]

58,4°F (Approximate valus = 59°F)

o+
n

518.4°R (Approximate value = 519°R)

|
Q
n

0.002378 slugs/cu ft

]

Po
Oq = 22.' 1

Po
Y o = 0.07651 1b/eu £t = g

v, = 13,07 cu £t/1b =

L

Yo
2. DEFINITIONS:

2.1 Adiabatic Flow Systems are those in which external work is performed on or
by the fluld without heat transfer.

2.2 Heat Transfer Systems (not to be confused with mixing processes) are those
TIow systems in which heat is added-to, or subtracted-from, the passage walls
by the fluid and no work is involved., Thus, the total energy of the fluid
with respect to the passage walls must change and a temperature gradient
TSt exist. Heat exchangers and radiators are examples.

2.3 Mechanical Energy Iransfer Systems are those in which work is done on or by
The passage wall by means of the working fluid and no heat is transferred.
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2.4

2.5

2.6

2.7

Static (Stream) Temperature is that temperaturs sensed by a measuring means

at rest with respect to the fluid msasured,

Symbol: . T, = Absoluts temperature, °r

ta = Fahrenheit temperature, °F
Total (Impact, Stagnation) Temperature is equal to the stream temperature

of a moving plus an increment corresponding to the kinetic enmergy of
the fluid, with respect to the sensing means,

tion =
Equa : Tt Ta + r
tt = ta + r

Where: V. = Average relative fluid velocity at sensing point
(in £t/sec).

Statio (Stream) Pressure is that absolute pressure sensed by a measuring
means at rest with respect to the fluid measured.

Symbol; Pg

Total (Impact) Pressure is equal to the static (stream) absolute pressure plus

an inoremanf’corresponding to the kinetic energy of ths fluid, with respect to
the sensing means,

Symbol; Py
Equationg: Py K 2
_ _]-1a= Vp * (for air)
P 2g T8 ¢_ T, 2
/ P s

* The general form/Ps|\ ,283 = 1 commonly appears in thermodynamic equations for
APD

air, It is widely known as a "Y" factor, and tables are available for "Y" as
a function of pressure ratio,.

o]
x-'cf . = kel =0,283

op/cv k

Wheres Sp = k = 1,395 for air at -50° to +900°F
> _
v
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2.8 "adiabatic" Efficiency (general) is expressed in terms of the change in total “
pressure and the change in specific energy of the working fluid, It is so
expressed that an isentropic process would have 100% efficienoy. Definition
equations appear later in this section.

2.9 Isentropic Processes are those in which a change of state of the fluid takes
~ place without fluld frioction, heat transfer, or turbulence. It thus represents
an "ideal" adiabatic process. In an isentropic process, the entropy of the
fluid remains constant,

2.10 A Boundary Layer is that portion of a flowing fluid adjacent to a solid
body which has virtually no relative motion with respect to that body. Such
layers of stagnant fluid occur in all flow systems, but the relative thickness
varies widely, ' '

2.11 Mach Number (M) is the ratio of a fluid relative velocity to the veloocity
ol sound at an established point. For air, the velooity of sound equals
49\/’1‘8 feet per second.

3. BASIC PRINCIPLES:

3.1 In en adiabatic flow system, the total temperature of a fluid with respect to
the passage walls (or, therefore, With respect to any observer at rest‘qith
respect to those walls) remains constant throughout the system.

3.2 1In en adisbatic flow system, the stream temperature of the fluid is varied
by fluid friction and turbulent losses, but the total temperature, as noted
above, does not change.

3.3 In a heat transfer system, the stream temperature usually varies, but the
total temperature must change by an amount corresponding to the specifioc
energy transfer to, or from, the fluid. :

3.4 In a mechanical energy transfer system, the stream temperature usually varies,
but the total temperature must change by an amount corresponding to the
specific energy added-to, or subtracted-from, the fluid.

3.5 In a heat transfer system, the total pressure of the fluid cannot be increased,
and is usually decreased, regardless of whether heat is added or subtracted.

5.6 In a mechanical energy transfer system, the total pressure of the fluid may
be increased by the addition of energy, but this is not necessarily so.

3.7 1In calculating density and specific volume, static temperatures and static
pressures must be used.

3.8 If passage wall temperatures differ appreciably from fluid total temperature,
the means for measuring fluid temperature must be shielded from wall radiation.,

- 3.9 In an adiabatic flow system, conversions between kinetic and potential ensrgy
may occur. Thus, an increase in velocity will decrease the static pressure and
static temperatures. However, the total temperature is unchanged, and the total
pressure decreases only by an amount related to the fluid friotion and turbulenoe
losses,

3.10 Boundary layer temperatures very nearly equal the corresponding total temperature
of the fluid flowing at low values of kinetic energy of the fluid unless _passage
wall heat transfer imposes a temperature gradient, Ocuments
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3.11

© 3.12

3,13

3.14

Boundary layer pressure is equal to static pressure,

In any flow system, the algebraic sum of heat and mechanical energy transfers,
in any porition of the system, is proportiohal to the mass flow and the specific
energy change, as measured by the change in total temperature. Nothing need

be known about the physical process to make this determination. (A restatement
of the First Law of Thermodynamics).

In considering any mechanical energy transfer process, the frame of reference
must be established. For instance, consider a ram duct in an airplane in
flight., With respeot to the airplane, the duct operates as an adiabatioc

flow system, whereas, with respect to a ground observer, the duct operates as
a mechanical energy transfer system, The signiflicant difference lies in the
motion of the duct wall with respect to the observer in the latter case.

A special case of mechanical energy transfer occurs when flow is through a
centrifugal field induced by angular motion of the duct. In such case, an
energy-potential difference exists between portions of the duct wall not
equidistant from the center of rotation. In such a system, choosing a point
"a" on the rotating duot as a frame of reference, the specific energy of _
the fluid with respect to some other point "b" must equal the specific energy
of the fluid with respect to "a"™ minus the potential difference of "b" with
respect to "a". This i3 of some importance in calculating surface temperatures.

Thus;

E -5 =(T0)% . (raw)
* b T %

Where; E_ = speoific energy of fluid with respect
to "a" in ft-1lbs/lb.

Eb = Specific energy of fluid with respect
to "b" in ft-lbs/lb.

r = radius from center of rotation to "a"
in feet

r = radius from center of rotation to "b"
b in feet

© = angular velocity in rad/sec

g = 32,17 ft/sec?

In the above, E, and Eb refer to the same portion of fluid at the same time,

4, THERMODYNAMIC CHARTS:

4-1

4.2

Although air behaves approximately as a perfect gas, for accurate work covering
a wide range of temperatures, a thermodynamic chart is desirable. Such charts
are based on actual measurements of air properties. s

The change in specific energy content of a fluid may be determined with the aild
of the applicable chart., All that need be kmown is the fluid temperature. If
total energy (kinetic + internal) is desired for any state, use total temperature.
IT internal energy is desired, use static temperature,
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4,3 The chart may also be used todonvert static and total pressures and

temperatures.
Thus:
Let: AE = Change in specific energy

content in ft-1bs/lb

- Air velocity in ft/aec

An = 20
B

If either Tg or T  1is known, its corresponding specific energy may be found
on the char‘g'.f AE®is then added (if T, is known), or subbracted (if Ty is
know), to find the specific energy corresponding to the unknown value. For
values of v_ approaching or exceeding sonic speeds, the chart should be used
instead of Ehe equation.

4,4 1In the thermodynamic chart included in this information report, (Fig. 4)
the ordinate has scales of temperature, enthalpy, and specific energy.
Once any one of these quantities is known, the other two are determined.
The abscissa is entropy. Cross-plotted are lines of absolute pregsure and
specific volume. Properties of air may be grouped thus:

(Temperature
a. =(Enthalpy
(Specific energy

b. Density
c. Pressure
d. Entropy

If quantities in any two of ihe above groups are known, all other properties
of the air at the established state may be determined from the chart.

5. EWTROPY=-ENTHALPY CHART FOR AIR:

5.1 Introduction: In computing or plotting the performance of a compressor,
supercharger, regulating valve, air conduit, etc., a thermodynamic chart
wherein the change of state of air can be visualized is of great help.
The most practical is the Entropy-Enthalpy Chart.

The two coordinates are Enthalpy and Entropy. Enthalpy is the sum of the
internal (molecular) and displacement work energies 1n one pound of air

at rest, measured from an arbitrary zero level. Entropy is a measure of
degradation of the "available-for-work" energy, méasured from an arbitrary
zero point.

By plotting the calculated.or experimental values of pressure and temperature
of the air at various points in its flow, a chart is obtained from which

all the other values which determine the state of the air can be read
directly. The specific volume, the specific weight, the density ratio,

and the energy can be directly determined from such a chart,.
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6.2 Chart Units (See Fig. 2): As this chart will be used for investigating sircreft
‘devices, 1t 18 edvisable to express and plot constant pressure lines in in.
Heg, densities as ratios, temperatures in °F, and energy and work in Britlsh
thermal units or their squivalent ft-1b mechanical work units.

5,3 Use of Chart (See Fig. 3): The work of compressor shaft is transferred by
meens of the impeller to the air as compression ensrgy and heat energy. The
sum of these two energies is called enthalpy and is measured es heat in Btu.

To compress the air at 1007 efficiency in a heat insulated eir compressor
from its initial state p, pressure and t, temperature to pregsure and

tp temperature, the compression work is ﬁ to B enthalpy unlts. Perfect
compression means that none of the available work energy is degraded;

entropy stuys unchanged. A change taking place with constant entropy is
represeénted by a vertical line. A end B are in isentropic relationship

to each other on such & line. The minimum limiting compressed air temperature
in a heat insulated compressor is therefore t; °F.

Testing an actual compressor, we find that at the same pp pressure, the
observed eir temperature is t;°F., which is higher than the temperature for
perfect compression efficiency t OF. This excess heating of the air requires
B to C enthalpy units or its equivelent extra foot-pounds of shaft work

input. Thus, the input energy level has been resised from B, the theoretically
perfect efficiency level to the value C.

The shaft efficiency of the compressor therefore is:

_a_Yp T _%3.%
17E T % -3%

The excess or wasted energy BC mey slso be expressed as:

BG=HC-H.B-TA(SC sB)

By plotting all test data on the chart, a complete picture of work energy
transfer may be visually presented and any week spots in design can be detected.

5.4 Correlation of Chart Units: To construot the entropy-enthalpy chart it is
necessary to know the vhermodynemic laws which apply to air, In this
investigation air will be assumed to be a dry, perfect gas.

The Gas Law

<L AL o T i S W e B WS e S e (1)
AW(pv) mRAT. . = s == - @ = mc=ccac==== (2)
pdv 4+ vdp = RAT = = = = = = = = = = = = = = = = = = (3)
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Enthalpy (H)
H=1U4+ Apv _
dH = dU + Ad (PV) = = = = = = = = = = - === - (4)
= dU + ARAT (from equation (2))
but dU = cydT
Then: dH = oydT + ARdT
or: dH = (Cy + AR)AT = = = = = = = = = m o = = o - - (5)

P

5.4.1 Specific Heat at Constant Pressure (c_): The value of specific heat veries
with temperature change and also withppraasure change. At constant
atmospheric pressure, the Parkington and Shilling Test (Eshbach Handbook of
Engineering Fundamentals, page 7-17) gives:

Also; di = ¢ dT = opdt --------- - == e (6)

¢, = 0.1699 + 0,0000033T + 0.0000000032T2

At constant 140°F. temperature, according to Ford (Compressor Theory and
Practice);

op = 0.2414 - 0,00002 p

where p = pressure in lb/sq in.

Figure I, page 7-18 of Eshbach, shows ocurves of values of ¢ with variation
of temperature. P

In aircraft applications, the temperature changes of air =re not excessive,
but the humidity of the air is quite variable, In engineering investigations,
these secondary influences may be neglected and a mean op value used.
With dp = 0,241 as the selected constant value, equation (6) becomess
= - —t -—---——-——-—--7

bR =By -, =0 (b, -t,) _ (7)
That is, change in enthaply is proportional to change in temperature. The
enthalpy may be expressed in foote-pounds mechanical energy or work units,

since 1Btufm 778 ft-1b,
Equation (7) then becomes:

By = By = o241 (tg=ty) = 1 (up-u) --- - (5)
then,

(up - w ) = 1875 (b =% ) = == o v o e oo (8D)
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5.4.2 Entropy: The first law of thermodynamics states that work-and heat-energies
are osquivalent. This law does not define the change of state of air.

The entropy concept is introduced to enable the determination of the
meximum possible heat-work energy transfer in certain ideal processes.

Some of the many definitions of entropy are:

Entropy is a measure of thermodynemic degeneration of a heat-work energy
transfer,

Entropy is determined by the quantity of heat in the body and its temperature,
Entropy multiplied by the minimum available absolute temperature of a given
heat-work process equals the portion of the total energy transfer which is

rejected or made unavailable for useful work.

5.4,3 The Mathematical Definition of Entropy=-Change:

dQ = dH - Avdp
= dU + Apdv
T.ds=dﬂ-ﬁvdp

For constant pressure process dp = 0

(as)_ L R R R - i ol 10)
or
AH =T ,df e mmmm == S R S KT R o i e e (10a)
C
(Hc - HB) = _/ T.ds (see Figure 3, page 30)
B

That is, the enthalpy change is equal to the area below the B = C line
and measured from the absolute zero temperature base line.

5.4,4 Energy Flows The work energy put into the driven compressor shaft is
Transferred to the air by means of the impellers.

W, Shaft input work (ft-1b)

in

v = sbsolute velocity of air through the compressor (ft/sec)

Relative velocity of air in impeller (£t/sec)

4
L]

<
L}

Peripheral velocity of impeller (£t/sec)

Note: Subscript ; denotes inlet conditions
Subscript 2 enotes outlet conditions
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In a heat insulated compressor

Q=0

Energy balance of inlet and outlet air:

2

2 v

v 2
win+2.é—-+p1vl+JI]'1=.2-§. +p272+JU2....'_-___-_(11)

Solving for input emergy and collecting terms:

2 2
v2 = vl

Min = o+ (27 - pyvy) + (0 - W)

That is, work input = change in kinetic energy plus displacement work
plus internal energy increase of the air,

But,

pv+JU-JH,

then,
2 v%
v -
win = T + J(Hz - Hl)
or, 5 5
Win Yo = T
Hp = Hl = : - _?Lng

That is, the enthalpy change of air through the compressor is proportional
to the work input less the change in kinetic energy between outflowing
and inflowing air,. ’

In most cases the kinetic energy change is negligible. Therefore, the
enthalpy change is directly proportional to the work input and may be
determined from the simplified expressions
Hz = Hy = Awjy
5.4.5 Determination of Scales and Constant Pressure and Constant Density Lines
5.4.5.1 Enthalpy, Energy, Temperature Scales: These three scales are convertible

through the use of equations (8a) and (8b), as each expresses energy in
different units.

Hg = H, = 2241 (tB)- tA) in (Btu)
-u
- ‘EETVEJL in (Btu)
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ug = w, = 778 (Hy - H,) in (ft-1b)

= 187.5 (% - t,) in (ft-1b)

by - tA - (8 - HA) in (°F or ©R)
= (ug = wy) in (°F or ©°R)
IB: .5

Each of these scales has uniform divisions which are convertible each to
the other two. The vertical lengths represent energy changes.

544.5.2 Entropy Scales The selection of a uniformly divided scale for the enthalpy
: = changes makes it necessary that the entropy scale bs correlated through
the following relationships:

by definition,

ag = 53

and

dqQ l’_c_[q.'_l'_ + Apdv

dQ = o dT - Avdp
pv = RT

by substitution,

ds = o, AT 4+ pp O¥ = ¢ 4T 4 AR dv
v T ? T ¥ m v
B R
(Tl!'-v)
and,
- o AT _ Eg - ar _ d
ds ¢ o AvT °p 7 AR;E

Integrating the above equations between the limits 1 and 2:

248 = 2 ar - /zdv
‘/: ds ct/( — -t AR T
2 2 2
/ -ds-c/ﬂ'.-m dp
1 Pl T P
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or

T v —
Sp = 87 = o_log, 22 4 ARlog, "2:= = = = = = == - - - -(13) -
T 1
S =8 =c¢ log _T_E_ -A.Rlogef?_ ---------- - =(14)
a 1 P e Ty P1

Since density is inversely proportional to volume,

va - pl =0'1

end noting that,

log, V2 = 1log, 91 = -10g¥2
° w7 -y a7

then equation (13) becomes

B B = 0. X0g. 12 v AHIBEL T8 o iw m e s 50 (13a)
2 1 v B.T.i. eq

Equations (13), (13a) and (14) are useful in plotting constant
volume, constant density and constent pressure curves.

In equation (13a) and (14), for any given pair of values
of 02 'and pz on any T = a constant line,

1 n
log, T2 will equal zero; Arloge(ﬂ_i) and ARlog, (BE)
™ o1 Py

are constant, therefore all constant density ratio curves are
displaced parallel in the horizontal direction. The same is
true for the constant pressure lines,

For 02 = 1, the value of log. O2 is zero. The equation (13a) becomes
d-l- » gea_]_-. q ( ) »

(85 = 84)—=c_log T2
2 1 v BTI

= oy (2.30258 log;o T2) (o = .173)
ki

then,

(89 - S1) 4 = 039835 (logyg Tp - logyg Ty) - - - -)16)
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' 5.4.5.3 Constant Pressure Lines: The same reasoning, as applied to the oonstant
density ratio lines, reduces equation (14) to:

(8, - 8,) _ =o log ,I2
S A

= o (2.30258 logy, T2 ) (o, = .241)
P T P

Selecting, arbitrarily, mea level air (NACA Standard) as the
origin for the scale of (S, - Sl) values, T, = 460 + 59 = 519°R., -

Making use of equations (15) and (16) for determing values of
(32 - SO) and (32 - So) » the following tabulation determines the
o p

forms of the constant density ratio lines and the oonstant pressure
lines, where

= o - o =
Tl 599 + 460 = 519%R, TD

log)o T, = 2.71517

ta®r. | T2%R. | logioTa logioTa = 1ogioTy | (8a - 801.‘ (8s - 30),
500 | 960 [ 2.98227 .26710 .10840 .14824¢
450 | 910 | 2.95904 .24387 .09715 .13535
400 | 880 | 2.93450 .21938 . .08736 .12173
350 | 810 | 2.90849 .19382 .07700 .10729
300 | 760 | 2.88081 . 16564 .08598 .09198
260 | 710 | 2.85126 .13609 .08421 07583
200 | 660 | 2.81954 . 10437 04157 05793
160 | 610 | 2.78533 .07016 - .02794 .03894
100 | 560 | 2.74819 ,03302 .01316 .01833

50 | 510 | 2.70767 -.00760 -.00308 | -.00422
o | 480 | 2.e627¢ -.06241 -.02090 | -.02908
-50 | 380 [ 2.55630 -.16887 -.08330 | -,08817

-160 | 310 | 2.49136 -.22381 -.08918 | =-.12421
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Equation (15) - (s2 - Sp)g = 0.39836 (1ogw'r2 - logloTl)
Equation (16) = (s2 - So)p = 0,55492 (10,;10'1‘2 - 105101‘1) ‘

These two equations give the value of entropy measured positively
to the right and negatively to the left from the arbitrary origin
for varying temperature changes above or below the arbitrarily
chosen temperature 0°F. or 460°R.

5.4,6 Scale of Constant Density Ratio and Constant Presgsure Curvess These curves
are displaced parallel 1n the "S" direction, that s, in the horizontal
direction along a line, T = a constant, On such u linse, Tz = Tl’ Tp =1

T

and logg T2 - o.
1

Then equations (13a) and (14) become,

(S, - 8.) ., = -AR10g U2 = m m - = oo mom oo - - - (13v)
2 : e BdﬂI

(Sp =8,)  ==ARlog P2 == === =cccmooon - (14a).

1 Py

The length of one 10g16 scale extends from 1 to 10 or 10 to 100,
etc., values in each case are:

%2 10 P2 .10
o1 P_l

log, 10 = 2,30268

(Sz - S1)p = -AR(2.30258 log, g_%) = -AR(2.30258 log,, P2

1 51

i.e,, the two ratio scales 0,1 to 1,0 increase toward the left and are
»1578 "8™ units in length., Therefore, the density ratio and the pressure
ratio scales are the same and one logarithmic scale cen serve for both
ratios. Density ratio can be read as horizontal distance from the
density ratio = 1 line and read off as a decimal on the logarithmic

scals from the value 1. Likewise, pregsure ratio can be read off as

a distance measured horizontally from the standard pressure line

29,92 "Hg, and read on the logarithmic scale from the value 1.

= o 09 w 01698 Yog.. P2ic v o & =
P Sl)r 0.1578 1oglodﬁ 0.1578 1og10 P2 . (14'0)

Constant pressure lines are drawn on the chart, but to avoid confusion
of lines only the one density ratio line is drawn through point of
standard NACA sea-level air,

Uup_o =1
Po ‘
Each logarithmic scale (10310) is .1578 "8" units in length.

=14~
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