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Fluid Flow Basics 

 The distribution of fluids by pipes, ducts. and conduits is essential to all

heating and cooling systems.

 The fluids encountered are gases, vapors, liquids, and mixtures of liquid and

vapor (two-phase flow).

 The adiabatic, steady flow of a fluid in a pipe or conduit is governed by the

first law of thermodynamics, which leads to the equation:

 (6-1)

where
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Fluid Flow Basics 

 For one-dimensional flow along a single conduit the mass rate of flow at any

two cross sections 1 and 2 is given by: (6-2)

 When the fluid is incompressible Equation 6-2 becomes

(6-3)

 Combing Eqs 6-1 and 6 -2 and solve for  𝑊=  𝑚w and assume ρ = constant

(6-4a)

Where:
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Fluid Flow Basics 

 Some of the terms in Eqs. 6-1 and 6-4, be zero or negligibly small.

 When the fluid flowing is a liquid, the velocity terms are usually rather small and can be

neglected.

 1n the case of flowing gases, the potential terms are usually very small and can be

neglected; however, the kinetic energy terms may be quite important.

 Obviously the work term will be zero when no pump, turbine, or fan is present.

 The total pressure is the sum of the static pressure and the velocity pressure

(6-4 b)
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Lost Head 

 For incompressible flow in pipes and ducts the lost head is expressed as

(6-5)

 For conduits of noncircular cross section, the hydraulic diameter Dh is:

(6-6)
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Lost Head 
Figure 6-1,

Friction

factors for

pipe flow

correlated by

Moody,

which is

referred to

as Moody

diagram
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Lost Head 

 The friction factor is a function of:

 Re number and the relative roughness e/D of the conduit in the transition

zone.

 Re number only for laminar flow.

 Relative roughness e/D of the conduit in the complete turbulence zone.

 Table 6-1, Absolute roughness values for some pipe materials
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Lost Head 
 At high Reynolds number, the friction factor can be expressed by:

(6-7a)

Values of the friction factor in the region between smooth pipes and complete

turbulence, rough pipes can be expressed by Colebrook’s natural roughness function

(6-7b)

 The Reynolds number is defined as:

(18-8)

 The hydraulic diameter is used to calculate Re when the conduit is noncircular
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Lost Head 

To prevent freezing it is often necessary

to use a secondary coolant (brine

solution), possibly a mixture of ethylene

glycol and water. Figure 6-2 gives specific

gravity and viscosity data for water and

various solutions of ethylene glycol and

water.

Note that the viscosity is given in

centipoise[1lbm/(ft-sec)=1490 centipoise

and 103 centipoise=1 (N-s)/m2].

 Figure 6-2. Specific gravity of aqueous ethylene glycol solutions:
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Lost Head 

 Figure 6-3,

Viscosity of aqueous ethylene glycol

solutions



Compare the lost head for water and a 30

percent ethylene glycol solution flowing at

the rate of 110 gallons per minute (gpm) in

a 3 in. standard (Schedule 40) commercial

steel pipe 200 ft in length. Temperature of

the water is 50 F.

Equation 6-5 will be used. From Table C-

1,inside diameter of 3 in. nominal diameter

Schedule 40 pipe D= 3.068 in. and the inside

cross-sectional area for flow is A= 0.0513 ft2 .

The Reynolds number is given by Eq. 6-5, and

average velocity in the pipe is
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System Characteristics

 The behavior of a piping system may be conveniently represented by

plotting total head versus volume flow rate as shown in Figure 6-4.

(6-8)

where Hp represents the total head required to produce the change in static,

velocity, and elevation head and to offset the lost head.

 The elevation head is the same regardless

of the flow rate.

 System characteristics are useful in

analyzing complex circuits such as

the parallel arrangement of Fig. 6-5.

Figure 6-4
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System Characteristics

 Series circuits as shown in Figure 6-6, have a

common flow rate and the total heads are

additive

 The total flow rate for the parallel arrangement

(6-7) is equal to the sum of  𝑄𝑎, and  𝑄𝑏 where

the total head is the same for both circuits.

Figure 6-7

Figure 6-6
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Flow Measurements

 Measurement of flow rate in piping and duct systems

are usually required or indications of flow rate or

velocity may be needed for control purposes.

 Common devices for making these measurements are

the pitot tube and the orifice, or venturi meter.

 The pitot tube which shown in Fig. 6-8 senses both total

and static pressure.

 The difference, the velocity pressure, is measured with a

manometer or sensed electronically.

 When Eq. 6 -1 is applied to a streamline between the tip

of the pitot tube and a point a short distance upstream,

Solving for V1, gives:

(6-9)

(     6-10)

Figure(6-8)
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Flow Measurements (Example 6-2)
A pitot tube is installed in

an air duct on the center

line. The velocity pressure

as indicated by an inclined

gage is 0.32 in. of water,

the air temperature is 60

F, and barometric pressure

is 29.92 in. of Hg.

Assuming that fully

developed turbulent flow

exists where the average

velocity is approximately

82 % of the center-line

value, compute the

volume and mass flow

rates for a 10 in. diameter

duct.
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Centrifugal Pump

 The centrifugal pump is the most commonly used type of pump in HVAC systems.

 The essential parts of a centrifugal pump are the rotating member, or impeller, and

the surrounding case.

 The impeller is usually driven by an electric motor, which may be close-coupled (on

the same shaft as the impeller) or flexible coupled.

 The fluid enters the center of the rotating impeller, is thrown into the volute, and

flows outward through the diffuser (Fig. 6-9).

 The fluid leaving the impeller has high kinetic energy that is converted to static

pressure in the volute and diffuser.

 Although there are various types of impellers and casings, the principle of operation

is the same for all pumps.
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Centrifugal Pump

Figure 6-9
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Centrifugal Pump

 The pump characteristics curves give the total dynamic head, efficiency,

shaft power, and the net positive suction head as a function of capacity,

speed.

 There are different characteristics curves for different speeds of the

impeller

Flow, Pumps, and Piping Design 
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Centrifugal Pump

Figure 6-11, Centrifugal pump performance data at 3500 rpm
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Centrifugal Pump

 The total dynamic head furnished by a pump can be obtained by:

(6-11)

 The elevation head is zero or negligible.

 The lost head is unavailable as useful energy and is omitted from the equation.

 Losses are typically accounted for by the efficiency; the ratio of the useful power actually

imparted to the fluid to the shaft power input

(6-12)

 The Shaft Power then could be obtained as:

(6-13)
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Centrifugal Pump
 If the static pressure of the fluid entering a pump approaches the vapor pressure of the

liquid, vapor bubbles will form in the impeller passages.

 This condition is detrimental to pump performance, and the collapse of the bubbles is noisy

and may damage the pump, this is known as cavitation.

 The amount of pressure in excess of the vapor pressure required to prevent cavitation

(head) is known as the required net positive suction head (NPSHR).

 Whereas each pump has its own NPSHR, each system has its own available net positive

suction head (NPSHA):
(6-14)

 The net positive suction head available must always be greater than the 

NPSHR or noise and cavitation will result. 
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Centrifugal Pump - Example 6-3

Suppose a pump is installed in a system as shown. The

pump is operating at 3500 rpm with the 6 in. impeller

and delivering 200 gpm. The suction line is standard 4

in. pipe that has an inside diameter of 4.026 in.

Compute the NPSHA, and compare it with the NPSHR.

The water temperature is 60 F. Losses lf= 5 ft

NPSHA, available net positive suction head 
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Piping System Fundamentals

 There are many different types of piping systems

used with HVAC components, and there are

many specialty items and refinements that make

up these systems.

 Basic Open-Loop System

 The open-loop system has at least two points of interface between the water and the

atmosphere.

 The cooling tower shows the usual valves, filters, and fittings installed in this type of circuit.

 The isolation valves provide for maintenance without complete drainage of the system,

whereas a ball or plug valve should be provided at the pump outlet for adjustment of the

flow rate.

 Expansion joints and a rigid base support, to isolate the pump.
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Piping System Fundamentals

 Basic Closed-Loop System

 A closed-loop system, shown, has no more

than one interface with a compressible gas or

flexible surface such as an open or closed expansion tank. Figure 6-17

 There is no motivation of flow by static head in a closed system and the entire system

is filled with liquid.

 There are two main groups of components: thermal and hydraulic.

 The thermal components are the source, chiller or boiler, the load, cooling or heating

coils, and the expansion tank.

 The hydraulic components are the distribution system,pump,and the expansion tank.

 Actual systems will have additional components such as isolation and control valves,

flow meters, expansion joints, pump and pipe supports, etc.
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Piping System Fundamentals

 Pipe Sizing Criteria

 Piping systems often pass through or near occupied spaces where noise

generated by the flowing fluid may be objectionable.

 A common recommendation sets a velocity limit of 4 ft/sec or 1.2 m/s for

pipes 2 in. and smaller.

 For larger sizes a limit on the head loss of 4 ft per 100 ft of pipe is

imposed. This corresponds to about 0.4 kPa/m in SI units.

 These criteria should not be treated as hard rules but rather as guides.

 Noise is caused by entrained air, locations where abrupt pressure drops

occur, and turbulence in general.

 A reasonable effort to design a balanced system will prevent drastic valve

adjustments and will contribute to a quieter system.
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Piping System Fundamentals

 Pipe Sizing

 The problem of sizing the pipe consists mostly of applying the design criteria discussed earlier.

 Where possible the pipes should be sized so that drastic valve adjustments are not required.

 To facilitate the actual pipe sizing and computation of head loss, charts as those shown in Figs.

6-18 and 19 for pipe and copper tubing were developed.

 These figures are based on 60 F (16 C) water and give head losses that are about 10 percent

high for hot water.

 Theses figures show that head loss may be obtained directly from the flow rate and nominal

pipe size or from flow rate and water velocity.

 When the head loss and flow rate are specified, a pipe size and velocity may be obtained.
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Piping System Fundamentals
 Pipe Sizing Figure 6-18
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Piping System Fundamentals
 Pipe Sizing

Figure 6-19 
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Piping System Fundamentals

 Pipe Sizing

 Pipe fittings and valves also introduce losses in head.

 These losses are usually allowed for by use of a resistance coefficient K, which is the

number of velocity heads lost because of the valve or fitting.

(6-15)

Comparing this definition with Eq. (6-4 b), we get that (20-2 (6-16)

 The ratio L/D is the equivalent length, in pipe diameters, of straight pipe that will

cause the same pressure loss as the valve or fitting under the same flow conditions.

 This is a convenient concept to use when one is computing head loss in a piping

system.
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Piping System 

Fundamentals

 Pipe Sizing

Figure 6-20, 

Resistance 

Coefficients K 

for various 

valves and 

fittings
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Piping System Fundamentals
 Pipe Sizing

Figure 6-21, 

Resistance 

Coefficients K 

for various 

valves and 

fittings
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Piping System 

Fundamentals

 Pipe Sizing

Figure 6-22, 

Equivalent L 

and L/D and 

resistance 

coefficient K
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Piping System Fundamentals – Example 10-8
The figure below shows a closed, constant flow two-pipe water system such as might be found in an

equipment room. The terminal units a, b, and c are air-handling units that contain air-to-water finned

tube heat exchangers. An actual system could contain a hot water generator or a chiller; a chiller is to be

considered here.

• Size the piping and specify the pumping requirements.



Pump Control
The method most frequently used to control pumps is to sense a critical pressure differential some place 

in the circuit. For example, the path to and from one particular coil in a tertiary circuit will require the 

greatest pressure differential of all the coils in that circuit. Therefore, the differential pressure sensor for 

pump speed control should be located across that coil and control valve and set so that the pump will 

always produce enough head for that coil. Frequently the critical coil is the one located farthest from the 

pump. The secondary pump system will be controlled in the same general way. In this case, the critical 

tertiary circuit must be identified and the pressure sensor located accordingly. It may also be necessary 

to sense flow rate to control pump cycling where two or more pumps operate in parallel. 


