
Hydrostatic Pressure in Liquids 
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Linear Momentum 
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Bernoulli Equation 
 
Important to approximate the unsteady term. 
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Angular Momentum 
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Pipe Flows 
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Heat Diffusion Equation alpha = thermal diffusivity 
Cartesian 
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Fin Temperature Distributions 
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1Bi = Lumped thermal capacitance model 
Reversible in terms of the solid. Principal resistance to heat transfer 
lies within the fluid. Temperature of solid can be modeled as uniform 
at all times even though it is changing in time. 
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  Bi → ∞ Fluid behaves as heat reservoir. Principal resistance 
to heat transfer lies within the solid. Temperature of fluid can be 
modeled as uniform at all times even though it is changing in time. 
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Semi Infinite Model 
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Case II Constant Heat Flux at Surface 
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Case III Convective Heat Transfer at the Surface 
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Case IV Surface Energy Pulse 
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Case V Periodic Variation of Surface Temperature 
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Two Semi -Infinite Solids in Simple Thermal Communication 
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Reversible Cycles 
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 The energy transferred in the form of a heat transfer from 
a higher temperature source has a higher “quality” (greater value for 
energy conversion purposes) than the energy transferred as a heat 
transfer from a lower temperature source because it carries less 
entropy. 
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Temperature Distributions 
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Summary of Governing Relations for a Control Volume 
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Linear Momentum Equation 
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Angular Momentum Equation 
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 

× = × + × + − × ⋅ 
 

∑∫ ∫ ∫
r r rr rr r r r r r  

( ) ( ) ( ) ( ) ( )surface shaft in outin out
in outCV CV

d r dV r F r g dV T m r m r
dt

ϑ ρ ρ ϑ ϑ
 

× = × + × + + × − × 
 

∑ ∑ ∑∫ ∫
r r rr rr r r r r r& &  

 
general coordinate information 
 
dA rdrdθ=  
 
quasi static= passing through a series of equilibrium states. 
 

Acceleration
m

s2
 Area m2 

Density
kg

m3
 Energy J 

J 1 kg m2 s 2= Force N 
N 1 kg m s 2= HeatTransferRate W  
W 1 kg m2 s 3= Heatflux

W

m2
 

HeatGenRate
W

m3
 HeatTransferCoeff

W

m2 K.
 

KViscosity
m2

s   
LatentHeat

J

kg
 

J

kg
1 m2 s 2=

 
Length m 

Mass kg  MassDensity
kg

m3
 

MassFlowRate
kg

s  
MassTransferCoef

1

m
 

Power W  W 1 kg m2 s 3=  
PressureStress

N

m2  
SpecificHeat

J

kg K.
 

Temperature K  TempDiff K 
ThermalCond

W

m K.  
W

m K.
1 kg m s 3 K 1=  

ThermalResist
K

W  
K

W
1 kg 1 m 2 s3 K=  

DViscosity
N s.

m2  
Volume m3 

VolumeFlowRate
m3

s   
 
 

 
 



 

 

 

 

 



 

 
 

 

 
 

 
 
Definitions and such 
When to use Bernoulli. 

1. Steady flow. (otherwise, use unsteady version and estimate 
unsteady term. 

2. Incompressible flow- Mach number less than .3. 
3. Frictionless flow 



4. Flow along a single streamline 
5. No shaft work-no pumps or turbines. 
6. No heat transfer, ie adiabatic. 

 
Heat Transfer 
 The energy transfer interaction that occurs between pure 
thermal systems 
Temperature 
 The property of a system which indicates the potential for 
heat transfer with other systems. Two systems are unequal in 
temperature when they experience heat transfer. 
 
For a heat transfer in the absence of work transfer, the heat 
transfer is positive for the low temperature system which increases 
in energy and negative for the high temperature systems which 
decreases in energy 
 
 A quasi -static process is a model for a dynamic process in 
which the state of the system is changing at a rate which is slow 
compared to the rate at which the system approaches the equilibrium 
state by means of energy and entropy transfer processes internal to 
the system boundary. Internally, the system appears to be in 
equilibrium at all times throughout the process even though its state 
is changing with time. The equilibrium properties thus provide a 
complete description of the state of the system at all times 
throughout the process. 
 
 A reversible process generates no entropy, is a sequence of 
equilibrium states, and proceeds in the reverse direction just as 
readily as in the forward direction and takes an infinitely long time to 
be carried out. 
 
 Head loss is the change in the sum of the pressure and 
gravity head, the change in height of the hydraulic grade line or 
height change of the energy grade line 
 
System:  
 A system is defined as an quantity of matter or region of 
space to which attention is directed for purpose of analysis. 
Boundary: 
 The quantity of matter or region of space which forms the 
system is delineated by a boundary, a surface either real or imaginary. 
State and Property: 
 State is used to signify the condition of a system at a 
specific instant. The state of a system is characterized by a 
collection of observable, macroscopic quantities, called properties. A 
property is one of those observable macroscopic quantities which are 
definable at a particular instant without reference to the system’s 
history. 
 


