Unit Workbook 4 - Level 5 ENG — U64 Thermofluids
© 2020 UniCourse Ltd. All Rights Reserved

Pearson BTEC Level _ Higher Nationals in Engineering \
Unit 64: Thermoflu

lic Machines

Page 1 of 27 edeXCEI

Approved Centre



Unit Workbook 4 - Level 5 ENG — U64 Thermofluids
© 2020 UniCourse Ltd. All Rights Reserved

Contents
INTRODUGCTION ...ttt ettt ettt ettt ettt et esat e et e e s ateeabeesateeabeesabeeabeeeaeeeabeeeabeeabeeeabeembeesabeenbeesabeenbeesnbeeseas 3
GUIDANCE ...ttt ettt et e sa ettt e e b et et e e s ae e e b e e e s et e bt e s ae e e b e e eas e e be e eas e e aheeeaseeabeesaneennneenseenneesneennneans 4
A1 FIUI FIOW ettt ettt et e s e et sae e e b e e san e e b e e sae e e abeesaneenbeesnneeneenaneens 5
.11 LaMNAE FIOW e ittt ettt et e et e e bt e e e ab e e s be e e e bt e e s bt e e s aneeeeans 5
.12 TUIBUIENT FIOW ...ttt ettt e et e s bt e s me e e e be e e sneeesaneeeeans 5
4.1.3  The REeYNOIA'S NUMDET ...oeiiieiie ettt e e e st e e e ettt e e e e ssteeeeeansaeeeesssssneesessaeeenanes 5
By A < = To W o I T o I T 1= O TP 7
4.2.1  SUrface ROUBNNESS......cccuvviiieieeeeeeccitieeeee e e e eeeccnreeeeeeeeeeeesnnneneeeeeseeesesdBnnnnnaae i eveeeeeeeeeeennnrrneeens 7
4.2.2  Moody Diagrams......ccccccuiieieeeeeeieiciirreeeee e e sccvereeeee e
4.2.4  The Darcy-Weisbach EQUAtioN.......cccuuveeeeiiieiciiiiieee e Same e Sonalent e e dhead e eee e eeeveneeas 10
4.2.3  Bernoulli’s EQUAtION ........uviiiieii e S v s Sheaatae s e ttveeeeeeeeeennnnrrnneees 11
4.3 TUIDINES ... R TR e 13
4.3.1  Pelton Wheel .......oooceieiiiiiiiiiiiiecereceee SRR e B 13
4.3.2  Kaplan TUrbin@......cooeeieciiiieeeeeeeeeeccinveeee el et ety et e e e e eeeecrre e e e e e e e e e nernaeees 13
4.3.3  FranCis Wheel......ocoooeiiiiieeeeneeeee B S e S B et 14
A4 PUMPS.cottiiiiieeeeeceeetiiiiiene e eeeeennaiane e T VTR U SO UNRRRRRRR 16
441  Centrifugal PUMP oo e i ettt e ee et e e e e e e e e e e tarrereeeeee e e nansreneees 16
4.4.2 =TT o] feTor Lul aY=d dUTe o] o DU, RSN 16
4.5  Dimensional ANalysis....... i oo Aot e i e e e e e e e e e e e e e e e et e e e e e e e e nnrraranaaaaaaan 19
451 Whatar [oTal L A TP PS PP UPPPI 19
4.5.2 i QLLAIEY ... 19
4.5.2  Rayleigh’s Method TORFinding RelationShips ........c.cociiiiiiiiiiiieeeeee e 21
4.6 Dimension L /PP PPPPPOPPPRRN 23
4.6.1 Dimension|@8spCamBEANTS .........cooiiiiieiieeeee e e 23
4.6.2  Buckingham’s Pi TREOIEM .......oiiiiiee et et e e st e e e s e e e e saaae e e s e neaeeeesnraeeaan 23
A.6.3  SCAIE IMOGEIS ...ttt e et s e e s e e eb e e be e e eaaee s 25

Page 2 of 27 ed excel

Approved Centre



Unit Workbook 4 - Level 5 ENG — U64 Thermofluids
© 2020 UniCourse Ltd. All Rights Reserved

INTRODUCTION

Analyse fluid systems and hydraulic machines

e Fluid systems:
o Characteristics of fluid flow: laminar and turbulent flow, Reynolds number.
o Friction factors: relative roughness of pipe, use of Moody diagrams.
o Head losses across various industrial pipe fittings and valves, use of Bernoulli’s Equation and

Darcy’s Formula.

e Hydraulic machines:
o Turbines: Pelton wheel, Kaplan turbine, Francis wheel.
o Pumps: centrifugal, reciprocating.

e Analysis of systems:
o Dimensional analysis: verification of equations for tofgue, po
o Application of dimensional analysis to determine the cte model.
o Use of Buckingham Pi Theorem.
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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

Purpose

Conveys new material to you in a straightforward fashion. To support the treatments
in this section you are strongly advised to follow the given hyperlinks, which may be
useful documents or applications on the web.

Theory

The examples/worked examples are presen
sure you follow them all through. If you are
treat an example as a question, in which case co
of the examples given resemble assignme
follow them through diligently.

Example

Questions should not be avoided if y@
time to tackle each of the give
The order is important, as f
knowledge and confide

Challenge

very useful supplements to your distance learning efforts.

Video ’
o(s) will help you then it will be hyperlinked at the appropriate

g 0 0eh

Wherever an o
poi
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4.1 Fluid Flow

Fluid flow can be broken down into two terms, either laminar or turbulent. Knowing whether a fluid is
laminar or not is very important in figuring out its characteristics.

4.1.1 Laminar Flow

Laminar flow is the name given to a “smooth” flow. Consider the pipe shown in Fig.4.1, the arrows in the
image show the direction that the fluid travels, and it can be considered that a laminar flow are all parallel
to each other. Laminar flow is also simpler to calculate, as it can also be assumed that the flow’s velocity,
pressure at each point is constant.

Laminar flow typically occurs in very small flow channels, whegels i igh viscosity fluid flows slowly.
Examples of this are oil through a small pipe, or bloo api s (not arteries or veins). The URL
below shows a laminar flow.

https://www.youtube.com/watch?v=90pbBI

4.1.2 Turbulent Flow

Turbulent flow, on the other hand, is d the flow paths will often cross and mix. The velocity of

Figure 4.2: Turbulent flow through a pipe

There are far more examples of turbulent flow in systems, such as oil transport pipes and blood through
arteries and veins. Turbulent flow also includes air over an aerofoil.

4.1.3 The Reynold’s Number
They Reynold’s number (Re) is a dimensionless constant that is used to describe fluid flow. The Reynold’s
number is calculated using Eq.4.1, and is a ratio of inertia forces to viscous forces.
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Where:

__pul _ uL
= =3

Re (Eq.4.1)

p is the density of the fluid (kg/m3)

u is the velocity of the fluid (m/s)

L is the length of that you are measuring over (m)
W is the dynamic viscosity (Pa - s)

v is the kinematic viscosity (m?/s)

The corresponding value for the Reynold’s number defines the flow as:

Give the flow characteristic of:

Re < 2000: Flow is laminar
Re = 2000: Known as the critical Reynold’s number, flow is no lo
transition towards turbulent flow
2000 < Re < 4000: Flow is considered transitional, or unsta
turbulent yet either.

4000 < Re: Flow is turbulent

and will start to

it is aminag, but it is not fully

a) Honey (1450kg/m3, 14.095Pa - s) flo ipe at 0.3m/s.

b) Castor oil (961kg/m3, 950¢P) flowi
c) Water (1000kg/m3, 1cP) flowing

Answers:

a) Reisgiven as:

1450(0.3)(3)
~ 14.095 92.6
The flow
b) 950cP = 0.95Pa - is:
961(1)(2)
=———==2023
€ 0.95
The flow is transitional
c) 1cP = 0.001Pa-s,soReiis:
1000(1)(0.3)
=—————— =300000
1\cdot 103

The flow is turbulent
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4.2 Head Losses in Pipes

No system is 1009% efficient, and pipework is no exception, frictional losses occur as the surface of the water
and the surface of the pipe make contact with each other.

Head losses in particular describe the loss of pressure in the system, consider the pipework in Fig.4.3 below,
this method is a simple pressure measurement without the use of electronics. The head losses refer to the
height lost at each gauge, the further along the pipe, the more frictional losses occur, this loss in pressure
means that the height that the water reaches in the gauge lowers, and as such h; > h, > h; in Fig.4.3.

h1

Figure 4.3: Head losse

4.2.1 Surface Roughness
Head losses in pipes can have a range of reasons, o
of the pipe. Fig.4.4 shows the effect surface r
of the flow contained within the crevices,
requires more forces and pressures to get t
compared to the perfectly smooth pi

4.4: Turbulent flow through a rough (left) and smooth (right) pipe

The relative roughness of a pipe is defined Eq.4.2, where k is the average height of the surface irregularities
(some sources will use €), and d is the diameter of the pipe.

Relative Roughness = g (Eq.4.2)

Fig.4.5 gives a graphical demonstration of the dimensions.
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Figure 4.5: The measurement of the diameter and height of irregularities in a pipe.

4.2.2 Moody Diagrams
Moody diagrams is a diagram to measure the coefficient of friction in pipes
some sources will use A). Calculating the coefficient of friction depends on bg
relative roughness.

his workbook as f,
W invthe pipe and its

The equations used for calculating f are:

_ 16

Laminar: f=
a a -

Turbulent Smooth pipes: f = 0.079Re 02>

Turbulent Rough pipes: \/i? = —3.6log1o ?

e

e laminar equation (Eq.4.3). So
alternatively, the Moody chart is availabl he Moody chart is a graph that has already plot

a given relative roughness, but
absolute roughness

number. Most Moody diagrams will also include an
> absolute roughness value is a typical estimate for € for

old’s number of a given flow is 7 - 10°, and the absolute roughness is
->mm. The friction factor will be ~0.007 (maybe 0.0071, shown as a red dot
in Fig.4.7), or using the Eq.4.6, knowing that the pipe is rough and turbulent.

1 6.9 kM1t 6.9 025-10"3 \""
— = —3.6logo |— + ( ) = —3.6log, + = 11.827

\/f Re 3.71d 7-10° 3.71-62.5-1073

2

) = 0.00715

f= (11.827

Which means the estimate from the Moody diagram is very close.
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Figure 4.7: Moody Diagram
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