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* The pivotal aspect of high -speed flow 1s that the

* Another pivotal aspect of high-speed compressible flow i1s
energy. S

* Energy transformation and temperature changes are important
considerations. — —
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Road map for Chap. 7.
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7.2 A BRIEF REVIEW OF THERMODYNAMICS
(HATF R EE ]

7.2.1 Perfect gas (58 &S 4K)

E X :
A gas in which the intermolecular forces are neglected is
defined as a perfect gas. (B4 [A4EFH 710548 € XN
T

SEASART R LB T FE: (equation of state)

=T

PV = RT (7.2)

RS (specific gas constant) R=287J/(kg K)



7.2.2 Internal Energy and Enthalpy (N BEFIS)

The energy of a given molecule is the sum of its translational,
rotational, vibrational, and electronic energies. (— N E T

HIRe =2 7205055 #30505E IRZYZ)FERHE T EEN S AT )

X HRE S TAHR S ERRSUE, ra ot Ra =R
SRR A AT BE -

AR ESARPINBEFR N SR LN BE.  (The internal energy per
unit mass of gas is defined as the specific internal energy.)

ek~



SN et R B 7 — NS, ESON:

A P

Po,

T 582548, e MAED R 215 B 1 R %

e=e(T) (7.4a)

h=h(T) (7.4b)



— — EAR LA —— TRk

Specific heats at constant Specific heat at constant
volume pressure




T<1000 K, SN ZHTZLTH (calorically perfect gas ),
N

. efMhi NHIRASAEE (thermodynamic state variables ),

EATRME S S RRS T 525k, (they depend only
on the state of the gas and are independent of any process)




(7.6b)~(7.6a):

e .




7.2.3 First Law of Thermodynamics (#7556 — E &)
A YL —system P -surroundings 121 f--boundary

S rrolngings

Bouwndury System (fixed mass)

FIGURE 7.2
Thermodynamic system.
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Assume this system is stationary: (€ 24t AR L)

BRERG AN Ede, A LB M R MITIM 4 5
ahnip) . G3FE) . --For a given de, there are in general
an infinite number of different ways (processes) by which heat
can be added and work done on the system.




PAT T EHZ R =5 Wl e

1 . Adiabatic process (Za#ad )

A process during which there is no heat transfer.
FE AR A #uiR 2
2 . Reversible process (7] 1% it #2)
No dissipative phenomena occur. %A FE R 5 Kk 4.

3 . Isentropic process (Z&/fid )

75, AT

ot F AR, A
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RSB — g E e e E T E R —MRIE, WHRER
AREFAEWAREH R, RN —MIE 5508 1 — B .

R 54N geE A Hm] DLE T
i st (mass flow) K. X TIATHT R BB H RSt (closed
system) FAI 1A [ i &= -

Heat is defined as the form of energy that is transferred between a
system and its surroundings by virtue of a temperature difference. (7%

B —MReE, BEREBETRASIIANEEEMIIE. )

heat transfer: Temperature is the driving force for heat transfer. The
larger the temperature difference, the higher 1s the rate of heat

transfer.(J5 B 2 /& % T IR B 77)

L b E0: Conduction(t% ) , Convection (X)) ,
Radiation (&HT) .



Work: Work 1s the energy transfer associated with a force acting

through a distance. (Zj/& /15 J71E H BE S AHER R MR =B =0

IR Ty ) 4L R HFAIE -

1. #Ed 2R L FHEH T R4

2. A fAre=, MALRFMI,

3. AATHEFS AL R, WA LRE.

4. AR AENEE. (el RAMEE T E RS
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A AFERE X : TP EERNRGM eI, mRE
11564 7] LU 2 AR Rl 2R AT TR T A6 RS, X AE R R R 5t
(If a process can be reversed so that the system
of particles and its surroundings are restored so that the system
in all respects to their initial conditions, the exchange process i1s
said to be reversible.)
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7.2.4 Entropy and the Second Law of Thermodynamics
(8 LTI 5258 e )

T — AR T R AR SR E R . BT
T R AN B A s MRS T M AT B R R, SRR E
BEE < (quality)tiF“®=> (quantity).

A process cannot take place unless it satisfies both the first and
second law. (— i FE R BelA] [R50 — e @A R 8
T AT . )

PROCESS Ist law 2nd law

CAAE e e




The second law leads to the definition of a new
property called (AT RGN T —
N tER, A7)

Let us define a new state variable, the
as follows:

dS — @rev

(7.13) 4

rev

where 1S an incremental
amount of heat%ded to the

system and @ 1s the system temperature. (
5] T RS =, NAFTHITEE
)



The quant‘anw 1s just an
artifice (A NHJ&E) which can always be
assigned to relate the initial and end
points of an irrever process, where the

1s the generation of entropy due
to the irreversible, dissipative phenomena



These dissipative
ds

> ()

irrev

(7. 15)
The equals sign denotes a
ST

|
Therefore: I

(7. 16)

If(iz

e ) C S g

e dd abatic,

ds >0

then



This is the

a process will
take place:

(A= 50 — E At R AE AT 17 1)

(5 Go A LA S5 [ 459 22 B I B AN AR 1D

In summary, the concept of entropy in

combination with the second law allows us to
predict the that nature takes.

Ui 575 R EE &, ERIIRE T
P T HY )




Practical calculation of entropy (JBHIZEFRTHE)
[f head is added then:

and Tds =de+ pdv

From the definition of enthalpy

(7.18)

h=e+pv

dh=de+ pdv+vdp

(7. 19)



and, by combining these equations:

Tds = dh — vdp [
For a perfect gas,

and [
Substituting in precedent relations,
one obtain




With the equation of sta




Consider a thermodynamic process

For a , both
and =~ are constant: hence:

1
s, =8, =¢,In=—R Inf2

A Py

(7. 25)



In a similar fashion, we obtain:

1 V
s,—s,=c,In-=+Rln—=

A V

(7. 26)

Note that s 1s a function of two
thermodynami variables; (@2

PR RS 220 BRED e g.

or



7.2.5 Isentropic relations (&2l R

70

For an

And for an

Hence:
Och an—Rln&
1
1

or







1. 1%
. | O=c,In—=+RIn—=
In a similar fashion ]1



(7.32)

An isentroplic process seems So restrictive, requiring
both and 7

N Because a large number of practical
compressible flows can be assumed to be isentropic
(AR 22 B S BRim s Il il vl DA (B S i)
m valid for a

m and the flow outside the boundary layer which is



Concept of barotropic: IF & it B HE&
i AL T A s 77 B E— BR B AL 3], RO IE T T

.

dp =—pVdV

(3.12)
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7.3. DEFINITION OF COMPRESSIBILITY
(45 1%E € X)
All real substances are

to some greater or lesser extend.
When you squeeze or press on them,

their density will change. This 1is
particularly true of

(ﬁﬁﬁﬁ’]ﬁ*%lﬁ"ﬁ%ﬁmTEéﬁﬁ’J = AT
IS FEATRS, EATH = R A, X T
ST E XA )




The amount by which a substance can be compressed

1s given by a specific property of the substance called
the , defined below.

P Jo P A s A B R /ISR EE R D9 P I ) s 4 1

Consider a small element of fluid ofld
volume

The pressure exerted on the sides of the
element is . If the
by an[fl@finitesimal amount

, the



FIGURE 7.3
Definition of compressibility.




By definition, the compressibility is
given by:

(7. 33)

dsS

(7. 36)

Physically, the compressibility is a fractional
change in volume of the fluid element per unit

change in pressure. (M#)EE Fif, K45 14% 5k 2 & ALK
5 ARY 5] P AR OT BEAALAR TR N AR A AR )



[f the temperature of the fluid

element 1is [@1d constant, then
1s identified as the

T op i
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