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Resistance of Liquid-Level Systems
For laminar flow

the resistance Rl is obtained as:

For turbulent flow
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The value of K is found by:
1. Conducting experiment to draw

the head verses the flow rate
graph.

2. Define the steady state
operation point (P)

3. Draw a tangent line to H Vs Q
curve from point P.

4. Find the slope of this line which
represents Rt.

If a small deviation in head (h) and
small deviation in flow rate (q)
are assumed, the slope at point
P is given as h/q which equal to
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Capacitance of Liquid-Level Systems

If the tank has a 
constant cross 
sectional area (A):

C = A

If the tank has a variable cross 
sectional area, a relation between 
the change in liquid stored and the 
change in head must be found 
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Liquid-Level Systems.
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Assumptions before the simulation:
1. substances that are characterized by resistance to heat flow have

negligible heat capacitance
2. substances that are characterized by heat capacitance have negligible

resistance to heat flow

Heat 
transfer 

Conduction Convection Radiation 
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For conduction or convection heat transfer
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Thermal Resistance and Thermal Capacitance.

The thermal resistance for conduction or convection heat transfer is given by

The thermal capacitance C is defined by
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Thermal System.

Assumptions:
1. the tank is insulated to 

eliminate heat loss to the 
surrounding air

2. there is no heat storage in 
the insulation and that the 
liquid in the tank is 
perfectly mixed so that it is 
at a uniform temperature
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Definitions 
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Analysis procedures 

Assumptions:
1. the temperature of inlet fluid is constant 
2. The heat input rate to the system (heat supplied by the heater) is suddenly 

changed from to               where hi represents a small change in the heat 
input rate

3. he heat outflow rate will then change gradually from       to
4. The temperature of the out flowing liquid will also be changed from

Equations 

H
i

hH 

H
ohH 

Case 1: change is only in the heat input



Mathematical Modeling of fluid and thermal systems 

4-5. THERMAL SYSTEMS

Combine the previous equations 

Take Laplace with I.Cs = 0
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Case 2: change is only in the input temperature 
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Case 3: changes are in both the input temperature and the heat input
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