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Fluid Dynamics

• Mechanical Energy Equation per unit weight be-
tween two streamline points:

p1
γ

+
V 2
1

2g
+ z1 ± hs −

∑
hL =

p2
γ

+
V 2
2

2g
+ z2

• Viscous Shear Stress (Newton’s Law of Viscosity):

τ = µ
du

dy

• Entrance Length:

ℓe
D = 0.06Re : laminar flow
ℓe
D = 4.4(Re)1/6 : turbulent flow

• Hagen–Poiseuille Equation (Fully Developed Lami-
nar Flow):

Q =
πD4∆p

128µℓ

• Darcy Friction Factor for Laminar Flow:

f =
64

Re

• Losses
hL = hL, major + hL, minor

= f
l

D
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• Hydraulic Diameter for Non-circular Ducts:

Dh =
4A

P

• Lift, Drag and Pressure Coefficients:

CL =
L

1
2ρU

2A
, CD =

D
1
2ρU

2A
, Cp =

p− p∞
1
2ρU

2

• Stagnation Pressure:

p0 = p+
1

2
ρv2

• Total Pressure

pT = p+
1

2
ρV 2+γz = constant along a streamline

• Continuity Equation (Mass Conservation):

∂

∂t

∫
cv

ρdV +

∫
cs

ρV · n̂dA = 0

• Linear Momentum Equation (Integral Form):

∂

∂t

∫
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VρdV +

∫
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VρV · n̂dA =
∑

F contents of the
control volume

• Energy Equation (Integral Form):

Q̇ net
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+Ẇ shaft
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Propellers & Vortex

• Induced Velocity for Rotor Helicopter (Hovering):

vi =

√
T
2ρA

• Thrust and Power Helicopter:

T = ṁV3 = 2ρAv2i , Protor = T vi

• Figure of Merit for Helicopter:

FM =
Ideal Rotor Power

Actual Rotor Power

• Free Vortex Velocity:

uθ =
const.

r
=

Γ

2πr

• Free Vortex Pressure

∂p

∂r
= ρ

u2
θ

r

Euler equation, incompressible
Pumps and Turbines

• Shaft Work per Unit Mass:

ws = U2Vθ2 − U1Vθ1

• Shaft Power:

Ẇshaft = −ṁ1 (U1Vθ1) + ṁ2 (U2Vθ2)

• Euler Turbomachine Equation (Torque form):

Tshaft = −ṁ1 (r1Vθ1) + ṁ2 (r2Vθ2)

• Total Head:

H =
U2Vθ2 − U1Vθ1

g
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• Power gained by/from fluid:

P = γQH

• Ideal head rise pump:

hi =
U2Vθ2 − U1Vθ1

g

• Actual head rise pump:

ha =
p2 − p1

γ
+ z2 − z1 +

V 2
2 − V 2

1

2g

• Available Net Positive Suction Head (NPSHA):

NPSHA =
patm − pv

γ
− zs ±

∑
hL

• Flow, Head and Power Coefficients:

CQ =
Q

ωD3
, CH =

gha

ω2D2
, CP =

Ẇshaft

ρω3D5

• Specific Speed (Dimensionless):

Ns =
ω
√
Q

(gha)
3/4

• Power Specific Speed (Hydraulic Turbines):

N ′
s =

ω
√
Ẇshaft /ρ

(gha)
5/4

• (static) Enthalpy and Stagnation enthalpy:

ȟ = ǔ+
p

ρ
, ȟ0 = ȟ+

V 2

2
+ gz

• Degree of Reaction:

R =
ȟrotor

ȟstage

• Tygun’s empirical formula for the number of buckets
(Z) in the wheel:

Z =
Dwheel

2Dnozzle
+ 15

• Head available at the turbine inlet relative to the
surface of the tailrace:

HE = hg − hLP

• Turbine Efficiency:

ηturbine =
Ẇshaft

γQHE

(when mechanical and volumetric losses are ne-
glected)

ηturbine = ηh =
|wshaft|
gHE

=
| − U1Vθ1 + U2Vθ2|

gHE

• Pump Efficiency:

ηpump =
γQha

Ẇshaft

• Thoma Cavitation Factor:

σ =
NPSHA

HE

• Cavitation number (with velocity definition):

σ =
pref − pv(T )

1
2ρV

2
ref

Compressible turbomachines

• Ideal gas law and Isentropic compression

ρ =
p

RT
,

T2

T1
=

(
p2
p1

) k−1
k

, k = cp/cv

• Pressure ratio, PR (stagnation pressure)

PR =
p2
p1

• Propulsive efficiency

ηp =
V [(ṁair + ṁf )Vj − ṁair V ]
1
2

[
(ṁair + ṁf )V 2

j − ṁair V 2
] ≃ 2

1 +
Vj

V

• Bypass ratio

bpr =
ṁb

ṁc

2
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• Navier–Stokes equations

ρ

(
∂V

∂t
+V · ∇V

)
= −∇p+ ρg + µ∇2V

• Expanded in cylindrical coordinates:

r-direction
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θ-direction
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z-direction
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]
• Incompressible Continuity Equation (Differential Form):

∇ ·V = 0,
1

r

∂(rvr)

∂r
+

1

r

∂vθ
∂θ

+
∂vz
∂z

= 0
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