THERMODYNAMICS AND FLUID MECHANICS 1 - SELECTIVE SUMMARY OF FORMULAE

R J/kmol K Universal gas constant =8.3145 x 103
J/kmol K
T K, absolute temperature (0°C = 273K)

Perfect Gas

Perfect gas equation
pV =mRT or pv=RT or p=pRT

Spe~cific gas constant
R=R/- where R= 8.3145 x 103 J/kmol K

Relationship between R, ¢p, and cy

C
—p=y and cp-cv=R
Cv

Enthalpy
Enthalpy definition: H=U + pV, orh = u + pv

Change in enthalpy
H>- Hi = mcp (T2 - T1)

Change in internal energy
Uz - Ui = mey (T2 - Th)

Entropy
Definition dS = (d—Q)
rev

T

2
Change in entropy (definition: S, - S1 = I[@j )

T
S-S, =mR In(ﬁ]+mcvln(Ej
V]_ Tl

1 rev

S:-S= mg,In (EJ—m RIn (&]
Tl pl

Relationship between p, v, and T for polytropic
processes
(pv" = constant) for a perfect gas

1 n
-Nn — 0
P2 _ (2} Vi _ (DJ”* P2 _ [E] 1
P1 vi) v T ’ Pt \T1
NB. For a reversible adiabatic (isentropic) process the

polytropic index n=y

Closed-Systems/Non-Flow Processes

First law, for a cycle Whet + Qnet = 0
First law, for a process W + Q = Uz - U

Work transfer for reversible processes:

X2 V2 V2
W= I Fdx:—f pdV=—mIPdV general case
X1 \%1 Vi

W = -mp (v2 - vi1) constant pressure

W=20 constant volume

W =-mRTIn (%J isothermal, perfect gas
1

W =-m (p2 Vo - plvl) /(1' n) polytropic, pV" = constant

NB. For a reversible adiabatic (isentropic) process the
polytropic index n=y
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THERMODYNAMICS AND FLUID MECHANICS 1 - SELECTIVE SUMMARY OF FORMULAE

Second Law/Heat Engines

Definit ; ffici n= network done NB. For a reversible adiabatic (isentropic) process the
efinition o} efficiency heatsupplied polytropic index n=y
:le_@ Fluids Mechanics
‘Ql‘ ‘Ql‘ Power = force x velocity; Pressure pz%; Density
T
Carnot efficiency  Neamot =1~ T_2 m
1 p:—
V
Open Systems/Flow Processes Fluid Statics

Variation of pressure with elevation
Steady flow energy equation (SFEE) specific energy

differential manometer Ap=p,—p, = (pm —pW)gAZ

— P2 vz] _ p1 vt
q + Wg = [uZ + Py + 9z, + > ] [ul + o + 9z, + > ] AZ
Steady flow energy equation (SFEE) power form inclined tube manometer p,-p, =ppg|-(x+5in9j
. . 2 2 .
Q+W=m [(h2 —h) + (gzy —gzy) + (”72 - ”2—1)] Hydrostatic force on a submerged element

Work transfer for reversible processes with negligible SFnet = pgh oA

changes in kinetic and potential ener
9 P % Moment due to hydrostatic force on a submerged

: ) element:
W=m[ vdp general case
| ' Mg, = (8F, )y = (pgh 8A)y
wW=0 constant pressure Archimedes Fy =W :
W = mv(p, — constant specific volume/densit
2 =P P / y Buoyancy Force = AV ,,0
W = mRTIn (z—z) isothermal, perfect gas
. . Fluid dynamics
W=m— - olytropic, pv" = constant »
- (p2v, — p1v1) polytropic, p Shear stress T= uz—y
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THERMODYNAMICS AND FLUID MECHANICS 1 - SELECTIVE SUMMARY OF FORMULAE

ContanIty Tfll = mz; plAl/lfl = pzAz/le

Reynolds Number (pipe flow) Re = %

Bernoulli equation (pressure form)

1
p+ pgz+ Epvz = constant

Bernoulli equation (head form)

P + z+ — = constant
Pg 29

P H, = the pressurehead

PY

z = elevation head

2% Hv = velocity head

. . . . 2g9(AH.
Venturimeter equation: Vi.y = c,Vigeq; = C4A, |22 orp2)

Vieat = CaVideal

Orifice plate equation

Viewr = €afo

Pitot-static probe equation « = /%(p* - p)

SFEE, no heat transfer (head form)

WS
E:HTz_HTl‘*‘Hf

(--G))

Extended Bernoulli (special case of SFEE)
Hy—H;,=H;

Head lost due to friction in pipe flow H; = %ﬂ;’—;

Hydraulic diameter for non-circular pipes and ducts:

_ 4(flow area)
" wetted perimeter

Head loss due to friction: Hy = K(Z—;)

Power dissipated due to friction W = m (gHy)

Pump equation (special case of SFEE)

Ws _ pz_p1+ng

p
w,; (ideal)
w, (actual)

pump efficiency 7 =

Linear Momentum

Linear momentum equation (general form)

Fx,total = m(vx,out - ’Ux,in)

Fx includes all forces acting on a control volume
including structural forces, pressure forces and
gravitational forces.

Volume of sphere V :%nﬁ
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Plane (flat) Walls

Conduction:
Heat flow

T,-T,)
AX

AX
Thermal resistance KA K/W

g=-kall=T)

Convection at a Flat Wall Solid Boundary
Heat flow

O =hA (Tsurface - Tﬂur‘d )

1
Thermal resistance m K/W

Cylindrical Walls (pipes)

Conduction:
Heat flow

_(-T)
(In(r, /1))
. 27Lk )

Thermal resistance |n|' "zl,rv" | K/W
iy

2xLk
Convection at a cyli;drical boundary:
Heat Flow

Q=h2xrL(T

Thermal resistance: 1 K/W

surface Tﬂuid )

Heat flow per unit area

= = =2
< A Ax
AX

Thermal resistance per unit area K Km?/W

Heat flow per unit area

Q =h ( surface Tﬂu;d)

1
Thermal resistance per unit area h Km?/W

(Area of a cylinder is 2arL)

Heat flow per unit length

_Q__(r T,)
L l In(r, )
2xk )

Thermal resistance per unit length o/ 2/ | Km/W
/)

2xk
Heat Flow per unit length
. Q
Q' =—=h2zr(T, surface ﬂurd)

Thermal resistance per unit length 1 Km/W

h2xr
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