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INSTRUCTIONS TO STUDENTS

Each student should not forget the following when coming to the laboratory class:

1.  The completed report of the previous experiment. Any report submitted late without an
acceptable reason will bc zonsidered late for marking. Delays such as those related to
stapling, binding and computcr outputs are not acceptable.

2. Preparation for the experiment to be done. The student should read the manual related to
the experiment before coming 0 the lab, He |s expected to answer questions by the lab
instructor regarding the ob_]ectwes and the background of the experiment.

3. The la.boratory manual and note book. |

4.  Pen or pencil

5. An electronic pocket calculator.

A timetable will be distributed which shows the date on which laboratory groups will perform
each particular experiment. Each student should read introductory notes to his experiment before
coming to the iaboratory, and can start work w1thowt undue delay. This is particula_rly important
in the early part of the session when the theoretical background may not have been covered in
lectures, and reference to textbooks is more likely to be necessary.

Each student must keep a tidy laboratory notebook, recording all measurements exactly as

they;diestaken, and tabulating them where appropnate Where possible, a graph shoutd be drawn

xpenment proceeds to ensurc that the results are systematic and that sufficient readings

have bech obtamcd, especially in sensitive or particularly important parts of the range of the
variables. Results are preferably reduced in the laboratory, but if this is not practicable, sufficient

reduction should be done to ensure that no vital information is missing.

LABORATORY REPORTS

1,

Introduction
As a part of the requirements for this course you will have to carry out nine experiments.” The
student performance will be assessed on the basis of his preparation, alertness and skllls during
the actual experimental stage as well as on the basis of written reports for each expertment.
The purpose of these experiments is to help the student understand some of the concepts
discussed in class, and to develiop Skllls in c*{perumentatlon measurement, instrumentation

design and commumnlcanon skills.
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The student will be assigned nine lasks (experiments) by the Laboratory Instructor; to whormn he
must report his findings in writin,. Seven of the reports should follow the short format described in
the next section. The other two reports will be formal full technical reports.
Generally the student should observe the following guidelines when writing a technical report,
- whether short or full. Failure to-do so will result in mark penalties.

1. “Writing: All reports must be hand-written in standard letter-size paper (A4). Typed
reports will not be nccéptcci unless the report is full and it contains material from
references other than the lab manual. This hind writing measure is required to encourage
ones own cth‘i_clal responsibility towards other students reports by avoiding plain copying.

2. Margins: All material within the body of the report (this include text, tables, and figures)
must be within the following margin: 35 mm from the left edge of the paper, 25 mm from
the tap, right, and bottom edge of the paper.

3. Orientation: Every attempt should be made to orientate all text, tables and figures in such a
way that they can be read in an upright position; that is when the paper is held with its
longer edge in the vertical position. Sometimes, wide tables or large figures must be
rotated 90°. When doing this make sure that the bottorn of the téble or figure is parallel and

closer to the right cdge of the paper.
4. Bindings: binding of the bages should be at the top left corner, when using staples, or at the

left edge of the paper when using other means.

5. Cover page: Please use the cover page format shown at the end of those

instructions.

2. Short Technical Report

* It must be emphasized here that this SHORT report should not be more than 6 to 8 pages long.
Lengthy duplication of text or formulas found in the book and / or in other texts should be

avoided; References should be given instead. Artistic renditions of the lab equipment-used

should be avoided. Simple.line sketches are sufficient.

The report must include the following:
Title page: Use the title page supplied at the beginning of each experiment manual |

1

2. Objectives

3. The apparatds

4. The collected data

5. Sample calculation.

6. Results and discussion.
7. Conclusions
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Formal Techuical Report (Full Report)
In the engineering profession a great value is attached to the substance or content of a report

and, at the same time, to the presentation, which should' be ‘as neat as possible without

compromising contents by form. In other words: honesty is important in presenting results
L b s '

even if they do not look highly reasonable. Following are some guidelines for the preparation

of a formal (full) technical report. The format proposed here attempts to reflect current pr

actice
in engineering,

The elf:ments of a formal'(full) technical report are shown below:
. Abstract
- Introduction
. Theory
. Apparatus

1

2

3

4

5. Procedure
6. Data collected

7. Sample calculation

8. Results and discussion

9. Error analysis

10. Conclusion'; o s

__11. References

12. Ai;péndiceé

4. Figures

P
2.

U= B

Each figure should be given a n-Limbcr and a title, underneath it.

The titles should help to explain what the figures show. For example: Relation between
pressure and flow rate. _

They should be neatly drawn, using proper curve fitting techniques. .

The units should be shown clearly on each coordinate, using Sl units only. .

Each coordinate should have the name of the variable written on it.

The scale should be uniform; i.e. distances between scale points should be equal.

The size of the figure should be adequate.

il
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5. Tables

L.
2.

3.

Fach table should be given a number and a title located above it.
The title should help to fully explain what information the table contains. For
cxample: Pressure and flow rate raw data.

The units of the variables should be clearly stated. Only SI units should be used.

6. An Ethical Word of Caution
The formal reports must represent an individual work of a student. Obviously, the

cxperimental data and any other material resulting from an experiment, and obtained during

the experiment session, may be shared freely and be presented in anyone’s report. However,

copying a text or graphics from another person’s report may be viewed as an attempt of

plagiarism, and will be heavily penalized.

7. Safety Code of Practice

I

AN

Do not enter the laboratory until the lecturer is present, and do not come later than 10

minutes after the lab has started.
Bring only necessary items into the laboratory.

Do not operate or turn off any machinery until-iristructed to do so.

Do not interfere with any other equipment.

chort any brcakaae to the laboratory supervisor.

Always seek advlcc either from the Iccturcr or technician if the equipment is not

operating as expected.
In the event of a 'camstrophic failute, try to isolate the equipment from the energy source
and / or consult the lecturer or super visor.

On compﬂcuon ofcxpenmcnt tidy your working area.

Report to the lecturer / supervisor before leaving the laboratory.

fv

Scanned by CamScanner




TS

P

Al

BB ST

* - 1
7 i

[y

B o SR

-y
LA

e

B N - A i

)

" Two.types of reports are required: short and long.

Elements of Lab. Report

Following the type of report required, the proper element should be selected
from the following in the same order shown:

1- Title (cover) Page | .o '
In the first page of the report (not to be numbered), the University, Faculty,
lpcparlment, Lab, Student and Supervisor Names and Dates should be
%ncluded.f The experiment Title and number should be included as indicated
in the Lab. Manual. Use black color only. '

2- Abstract ; , .
A brief description of the experiment should be given. This should include
the objectives, the method and a summary of the findings. The abstract
should not be more than 100 words. (172 page). For example one of the
ﬁndings of the ratio of specific heat experiment is that it is equal to 1.4 for
air. It is recommended to write the Abstract AFTER the report is completed
in ord.er to be able to include all important aspects and findings of the
experiment. :

3- Introduction
After a proper definition of the level of the reader is made, this should .
introduce the reader into the subject. It is composed of tow parts:
significance and method. The introduction should not be more than 200
words (1 Page). If a short report is required, only the objectives should be

stated to replace the “atroduction. The objectives are-the-aims orthegoals—— —

of the experiment. For example, one of the objectives of the Work-to-Heat
experiment is to experimentally find the Jouls' work equivalent of heat,
which is equal to 4.178 k cal/KJ. -

4- Theory .
In order to enable the reader to understand the implications of the reported

work (experimental or theoretical), the main assumptions should be stated

. and justified, with the theory written out in sentences, so that the reader is
led through the equations without confusion. Itshould be free from
unnecessary details, such as excessively detailed algebraic work. The units
used should be defined as they appear. Use S units where appropriate.

5- Experimental Apparatus and Procedure ,
Describes the expesimental apparatus (if applicable). Tells the reader what
was done in briet . and a sketch of the apparatus should be included. The
experimental procedure should be also presented. '
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6— Raw Data ;;
This should include collected data, usually in the format of tables and; |
possibly as graphs. In either case, as the title indicates, this data should be "

reported-as collected, without treatment or modification. The tables should
be numbered and titled at the top.

7- Sample Calculation
The calculation should include all necessary steps to'obtain the required
results. The equations used should be stated in the theory. All parameters [
used to obtain the required results should be clear and their symbols and |
units should be as stated in the theory.

8- Results
This should include all the findings required from the experiment, usually in
the form of graphs. All figures should be numbered and titled at the
bottom. The coordinates should be defined with proper scale and units. Do
not just connect the dots. If you know the trend of the phenomena, use a
proper curve-fitting technique to show the plot, which should not be a
continuous line, but rather, a dotted line to indicate that it is experimental.
Only theoretical curves can be made with a continuous line.

Do not make stupid mistakes such as:
- Irregular Scale: some computer graphing techniques give a scale point at

“wiz-z. cach data point, which may result in an irregular scale (It’s like a rule

. . ,.._
fvesesy e

o

p—

where the first centimeter may be longer or shorter than any other
-centimeter on the scale).
.- The scale increases in the riegative direction of x. .
- Undefining each plot in a graph that includes several plots.

9- Discussion

This is the most mlportant part of the report. The presented results
- should be interpreted in view of theoretical background. It should explam

why the phenomena looks that way. Do not just say, for example in the
Marcet boiler experiment, that it is noticed that the pressure increasesas the
temperature increases. Instead, explain why. Show how close the
experiment was to. the theory and indicate the sources of error which lead to
disagreement between experiment and theory. This should include error, or
uncertainty analysis. This analysis should tell how much the error is in
obtaining each and every parameter in the results.

10- conclusions
This should tell the reader in brief what was covered'in the experiment and
what were the most important results. It should not include any thing that
was not mentioned before in the previous sections of the report.

Vi

‘Scanned by CamScanner



RS SNCHE R

il

11- References

All other related work, €
Allre
should be indicated in the tex
bunch of references without referr
The reference

documented here.

jmpress the reader.

a) Book

Duffie, J.A., and Beckmen, W. A,
Processes", J ohn-W

b) Journal

Takeish, K., Aoki,

S., Sato, T,

on a Gas Turbine Rotor Blade,

114, 12-34.

]2- Appendices

An Appendix i used to remove

The following materials may app

ither mentioned in Theory or elsewhere should be -
ferences should be numbered, and those numbers

t at the place they were used. Do not justput a.
ng to them in the text. This will not
format should follow this:

nSolar Engineering of Thermal

iley Pub. 1980.

and Tsukagoshi, K., 1991. Film Cooling

ASME Journal of Turbomachinery; Vol.

all detailed information from the report.
ear in the appendices.

a- Detailed mathematical derivations.,

b-
C-
d-
Calculations

Calibration of inst
Tabulation Or graph

Detailed computer pro graims.
and charts obtained from other WOTK: . -

rumentation.’
s of material praperties:

Vii
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Description of iheHydraulics Bénch

This is a complementary [abqratory sheet and is intended to be used in Conjunc;/tion

with the experiments that are performed with the H1 hydraulics bench,

The bench is intended to provide facilities for performing @ a nurnber of girmple
Figure 1, and Figure 2 show a single unit in which a sraall

experiments in hydraulics.
he bench and delivers it

centrifugal pump, P draws water from'a sump S restmg below t

to a bench supply \/alve V.

Below the bench there is a weighing tank W into which the discharge from the:
apparatus being tested is directed through ashort pipe D terminating at flange Fjust
The weighing tank W is supported at one end of a weighing

ies a weight hanger sufficient to balance the dry weight
ase of the tank

above the b.ench' level.

beam, the other end of which ca

of the. tank plus a small amount of water. The outlet valve B intheb

may be operated through a mechanism by an external handle.

- Lok SR

I .7:..'_“{: T

N -

Flgure 1 A diagrammatic sketch for a simple hydraulic bench.

0.1
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The '\pp"\r'\[uq under lestis placed on 'the bench and connected by flexible pipe ‘to a

bench supply valve V, which normally serves 1o regulated the rate of flow through the

apparatus. Another flexible pipe is led from the exit of the apparatus to the flange above

the weighing tank, so that the discharge is returned through the open valve in the base of

the tank through to the sump tank.
y measured in the following manner. The outlet valve B in the back

Having set a desited condition in the apparatus, the -

discharge is normall

of the wetghrng is closed by operatlru o the handle connected to the valve mechanism.

As water étéﬁdily collects in the weighing tank , see Figure 3, there comes a time

when the weigh-beam MmMOVES to its upper stop a stop-clock is started at this instant. A

known werght is then added ta the hanger. whrch brin
stop again. The stop-clock is stopped as the weigh-beam moves to its upper stop for the

second time, this makes the water collected during the time interval corresponds to the
The outlet valve of the weighing tank is then opened to

gs the weigh-beam down to its lever

further t\nown added wetght
allow it to drain and the weights are remo

measurement.  The weight suitable for collection Wi
rt of an expenment to determine a suitable weight.

lly sufficient to give a satisfactory

ved from the hanger in- preparation for the next

il vary with the discharge and one or

two trials may be necessary at the sta

An inter-\reﬁt about 100 seconds is norma
ining Ope operatron is shown in Flgure 4.

—————measurement: The weighing and drai

WEMALSL .

Attention is drawn to the following points which should be observed for a safe and

satisfactory operation of the bench.

1. Before starting the pump ensure that.t
nd that the bench supply valves are turned off.

ter drops on the electric motar or starter, stop the
the “electrical supply by wrthdrawrng the plug
ade until the leak has been

A e

he sump is filled to @ minimum depth of

epis

approximately 320.mm, @
2 |f a leak develops SO that the wa
d isolate it from

e connection should not be rem
bench top, however, is of litlle

pump immediately an

which supplies it. Th
ount of water leaking into the

T,

sealed. A small am

concern, as it drains back into the sump.

Pt

0.2
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3. When making connections by a ﬂexit_)le hose it is usually sufficient to rely on friction
between the metal pipe and the 'l;xose to maintain the tightness of the connection.
Where however, the connection is subjected to the full pressure delivered to the
bench supply valve, or if- the hose isa loose fit on the metal pipe, it is advisable to
secure the connection with a hose clip tightened by a screwdriver.

4 At all times other than when a discharge measurement is bemg made, the valve B in
the base of the weighing tank should be kept open. However even if the tank over-

flows it is not serious as any surplus water spills back autornatically into the sump

tank.

5. To avoid unnecessary effort when operating the lever mechanism on the hydraulics

<J

bench, always:-
» Leave the calibrated weights on the hanger when opening the drain valve and

the'n,

« Remove these weights. before lowering the weigh beam to its initial position.

- o METEY :ér'?":_;"::"

T

.E[

0.3
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) —Bench Top
Hose

Bench Supply
Valve

__—Cam Lever

Mains Lead Weights
WeightHanger Sump Tanlk
Pump/Moator

Figure 2 Features of a hydraulic bench »

Weight Hanger Hc Rodin

Figure 3 Assembled position of weight

Despatch! POSltIOH

Weight Hanger Base
and Drain Valve in
Despatch Position

Weigh Tank

Weight Hanger Base~ Dmain Valve

hanger and drain valve.

0.4
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a) ;
Cam lever position
for draining

§ weigh 1anks.
j -~
2 b)
i = Cam lever position
- for weighing
: operation.
) .
- C)' Rl o :
1" Start timer and -
3 add weights when -

}

beam moves
to horizontal.

i x.'..-m

d)

Stop timer when
_beam movesto
horizontal again.

‘ . ’ ’ P27

Figure 4 Weig'h’ing and draining operation.
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Center of presswe on a Plane Surface
Tmpothant  Tn .o{as:gn feudes | 5}“.@ ,c/a»m .

Objectives ' - . p’ Ph

1. To determine the posmon of the center of pressure on the rectangular face of .

the toroid. ,
2. To compare the measured value with that predicted from the theoretical

analysis."-

Theory

Figure 1 shows a plane surface inclined at an angle o to the free surface of the

~ liquid 00. Since there can be no shear stress in a static fluid medium, the force on

the plane is due to pressure only and must act normal to the surface. This pressure

forcelis foundtobe F=pgAyc sin a LM-I -j n
where -
A istheareaofthesuface ~  (m? P=roh . L:d
P is the density of the liquid (kg/m®) e =
g is the gravitational acceleration  (m/s?) F > @}1 _744‘-’
"Ye is the coordinate of the centroid (m)

The force ,F, may be, taken as acting at the center of pressure CP. Now to
determine the posmon of the center of pressure we take moments about O. After

some arrangements and ellmlnatlons we can prove that the- posmon of the center
of pressure is given by

IXXC

y A

c

Yep =Ye

Where |, xc is the second moment of area (also called the moment of inertia)

about the axis parallel to the x-axis and passing through the centroid C.

Po = O 69“*"71
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Figure 1 A plane surface immersed in liguid.

L.a.

PIVOT__FOH DALANCE

. V)
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Figure 2 The apparatus.
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*  Apparatus
The apparatus is shown in Figure 2. A toroid is mounted on a balance and pivotec
about t‘he center of curvature of the toraid. Thus only the vertical face along GC ¢
the toroid has any n‘ipiment about the balancing point. A rider weight balances th
weight of the toroid in ‘tr}e dry,' so that the moment of the hydrostatic force oﬁ Ci
measured by the weight at the pan; The toroid is immersed in a tank containing

water and the depth of immersion is measured. by a hook gauge.

* Procedure

1. Measure the dimensions a, b, ¢, and d, see Figure 3.
2. Level the tank under the toroid and adjust the weight Wy to level the balance

arm. Carefully, admit water to the tank untilitjust touches the bottom of th

quadrant. Take the vernier reading.
3. Raise the water level in increments of about 10 mm and add weight to the

balance pan to level the balance arm for each depth of water. Note the mass I

and the depth of immersion h for each reading.

CE ey

Figure 3 A schematic diagram of the toroid and the balancing weight

1.4
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« Data collected - . i

a=0.1m b=0.076m c=03m d=0.1m
Partial Immersion '
h T M immersed | Theoretical Experimental | MR ‘E
(cm) (9) Area (m’) Yep(cm) Yeplcm) |
1.5 ' !
’ z
|
!
45 |
6
75 ;
9
| B
|
%}_. , Total Immersion L e =
‘ h M Theoretical Experimental ( d]
% T em | @ | yetem e 2 .
1 10 ‘
| 11 _
R -

!
% ‘12

13

gL

14 ' .
, L_,_,_.L___..___ | :

1.5
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Results and discussions
Partial |mmer510n (h<d) o

(1) Derive an expression for the depth of the center of pressure (Yep) below the
surface and, for each level, compare it with' the ‘experimental depth of -center of

pressure. (You may assume the force F to be that calculated from the formula).

(2) Derive the equation

M pb(a+b)+ pbh

H? . 2c 6c

(3) Plot (M/h?) versus hand obtain the slope and intercept.

Total Immersion (h > d)
(1) Asin (1) above.
(2) Derive the equation

M=% —d/2)[£ﬂ(a +1/2(d))]
C

12¢

(3)  Plot.(M) versus (h— d/2) and obtain the intercept and slope.

Conclusions

1. How do the experimental values of the position of center of pressure correspond
with the calculated theoretical values from physical dimensions?

2. How do the measured values of slope and intercept obtamed in 3 above

correspond with theoretical values?

3. The pressure force act on the four surfaces of the rectangular toroid which are

submerged were ignored in the experiment. ‘Are they zero, negligible or is there

a mistake in the experlment method?

4. You ignored the buoyancy effect of the submerged part of the toroid comment
on the implications.

5. Would the location of th
in the tank? Explain.

e center of pressure change if a different fluid were used

1.6
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- -Jmpact of A Water Jet

+ Objectives
1. To determine the force produced by a water jet when it stﬁkes a flat vane and a

hemispherical cup.
2. To compare the results measured with the theoretical values calculated from

the momentum flux in the jet.

« Introduction
Over the years, éngineers have fouﬁd many ways to utilize the force that can be
imparted by a jet of fluid on a surface diverting the flow. For exam.ple, the pelton
wheel has been used to make ﬂour.#-Furthermore, the impulse turbine is still used in
the ﬁrst and sometimes the second stage of a steam turbine. Firemen make use of
the kinetic energy stored in a jet to deliver water a‘bove the level of the nozzle to
extinguish fires in high-rise buildings. Fluid jets are also used in industry for cutting
metals and debarring. Many other applications of fluid jets can be cited which
reveals their technological importance. . _

This experiment aims at assessirig the differerit forces exerted by the same water
jet on a variety .of geometrically different plates. The results- obtained
expéﬁmentauy are to be compared with the ones inferred from theory through

utiizing the applicable versions of the Bernoulli and momentum equations.

*

Theory

For the general case shown in FigUre 1, the momentum flux in the jetis m'uy where
m" is the mass flow rate and ug i;c, the jet velocity just Llpstream-of the vane. After -
being deflected through an angle @, the momentum flux is m°u; cos B in the x-

direction.

The force on the fluid is therefore m'u{ X cos B-m'ug in the x-direction. Thus the
force F in the x-direction on the vane is therefore.

F = m"(Up —U; cos P) ; (M

{~3
N
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Admpact of A Water Jet

Objectives
1. To determine the force produced by a water jot when It stikes a flat vane and

hemispherical cup,
2. To compare the results measured with the theoretical values caleulated fror

the momentum flux in the jet. .

S
v Introduction

Over the years, engineers have found many ways to utilize the force that can be
imparted by a jet of fluid on a surface diverling the flow, For oxam'plc, the pelton
wheel has been used to make 'ﬂour.mf:urlhermore, the impulse turbine is still used in
the fil‘st and sometimes the second stage of a steam turbine. Fireren make use of
the kinelic energy stored in a jet to deliver water above the level of the nozzle to
extinguish fires in high-rise buildings. Fluid jets are also used in industry for cutting

metals and debarring. Many other applications of fluid jets can be cited which

reveals their technological importance.
This experiment aims at assessing the differént forces exerted by the same water

jet on a variety of geometrically different plates. The results obtained

expél‘fmentally are to be compared with the ones inferred from theory through

utilizing the applicable versions of the Bernoulli and rnoméntum equations.

Theory

For the general case shown in Figure 1, the momentumn flux in the jetis m*u, where

m” is the mass flow rate and ug is the jet velocity just [Jpstream of the vane. After -

being deflected through an angle f, the momentumn flux is m°u; cos f in the x-

direction. _ S,
The force on the fluid is therefore  m’u; X cos P -m’ug in the x-direction. Thus the

force F in the x-direction on the vane is therefore,

(1)

F= m'(Uo — Uy cos ) _
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Figure 1 Flow of ajet overa curved vane.

?‘ (Ul
u .

Hemispherical Cup

i,

(a) Flat Plate (b)

| _ S
Figure 2 Flow of a jet over a flat plate and hemispherical cup.

2.
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Now in the case of a flat plate, Figure 2a , = 90°. So ¢os [ = 0 and equation (1)

reduces to
F=m"o (2)
For a hemispherical cup, Figure 2b, f§ = 180°, so cos f = =1 and equation (1,
" reduces to
F=m'(up— W) (3)
' Furthe_rmore, if there is @ negligible,roduétion of speed s;c; that uy = -ug . Then
(4)

F 2m'U0
In the expenment it is not possible to measure directly the velocity just upstrearn ol

the vane. However, the velocily u at the exil of the nozzle can be experiment uly

determlned The velocity Up is somewhat less than this due to declamalior

Caused by gravity and can be calculated from the Bernoulli equation, that is

Now from flgure 2a, Z=0, Po=P, Zo =5 and th|s ylelds

T u? = U + 298 ’ ‘ (6)
"whigh can be written as .
u%=u?—2gs (7)

\_’Vhere s is the distance bgetween the nozzle exit and the surface of the vane.

U can be determined from the continuity equation m=puA

Where A is the cross-sectional area of the nozzle

Hence u LA
pA  pmd’

Where d is the diameter of the nozzle

In order to calculate the force on the vane due to t
pivot of the welghmg beam Figure 3, and substitute known values into the

he jet we take moment about the

equation we get.
Fx0.1525 = 0.610 x g X AX

or F =4g AX

which is considered the expe_rimental value of F

(8)

2.4
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pivot point

Fw -

ncing arm attached to the vane.

Figure 3 The bala

* ___{\pparatus
Hydrauhc Bench, Water Jet Appa

= The: water is-suppliedto the jetappard=—=

is . determmed with the use of a weighing tank and @
air, through @ nozzle. TwoO objects are

ratus Stop Watch
phyar by a pump The ﬂow rate

tus in a cl c\osed loo

stopwatch The water rissues |

available: a flat.

~ vertically upwards into the
ntal lever

and a hemlsphencal cup. Each object can
d recelve its |mpact T
of welghts that can be hung at different

be mounted on a horizo
ject can be

YRyl

he force on the ob

plate.
positions on the

above th_e water jet an

determined with the use

lever, see Figuré 4.

Technical Data - |

Mass of jockey weight, ' m - 0.610 kg

- B Distance from center—hne of vane to_weigh—t_)eam pivot = 0.1525m

" Diameter of nozzle, : d = 0.01 ; m

Height of vane apove nozzle outlet, .8 =004 m

L. Diarneter of hemlsphencai cup , =006 m
T 25

Scanned by CamScanner



) T,

A uEE, . B -5,

—

S - Gl

 E

m_.
B < I 8

e ——— e e

R

1
|Adjusting

/ .

" Retaining Screw
| Jockey Weight |

/

Nut

'—f-] T— 71 17 1T

|\|ll|"]

! [BF:awll

Jleigh-Beam

Nozzle —

Covef P]até«///

—1

—=<_

Tally.

_Flat Plate|
Vane

| Supply

Hose

\\Drain Pipe

]' To Weighing
47 Tank l'

e

Figure 4 The Apparatus:

2.6
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+ Procedure
(1) Stand the apparatus on the hydrauhc bench, with the drain pipe |mmed|ately '
2bove the hole leading to the weighing tank, see Figure 4. Connect the bench

supply hose to the inlet pipe on the apparatus, using a hose-clip to secure the

connection.

(2) Fit the flat plate to the-apparatus. Ifthe cup is fitted, remove it by undoing the
retaining screw and lifting it out, complete with the loose cover plate. Take care
not to drop the cup in the plastic cylinder.

(3) Fit the cover plate over the stem of the flat plate fitting and hold it in position

R A
[ S N

]

AT -

below the beam. Screw in the relaining screw and tighten it.
(4) Set the weigh-beam to its datum position. First, set the jockey weight on the

beam so that the datum groove is at zero on the scale, Figure 5. Turn the

BTy -

adjusting nut, above the spring, until the-grooves on the tally are in line with the

IW =

top plate as shown in Figure 6. This indicates the datum position to which the

beam must be returned, during the experiment, to measure the foree produced

AR

by the jet.
(5) Switch on the bench pump and open the bench supply valve to admit water to

L] n"..'. T

the apparatus. Check that the drain pipe is over the hole Ieadlng to the weighing

N J&ﬁ'&;‘ﬂ-

 tankt - - T o
(6) ?dlly open the supply valve and slide the jockey weight along the beam until the

Lo SO

tally returns to the record the reading on the scale corresponding to the groove

AR v

on the jock.ey weight.
(7) Measure the flow rate by timing the collection of, say, 30 kg of water in the bench

ISR,

weighing tank.
(8) Move the JOCkey weight inwards by 10 to 15 mm and reduce the flow rate until

TSRS -

the beam is approx1mate|y level. Setthe beam to exactly the correct posmon (as

indicated by the télly) by moving the jockey weight, and record the scale reading.

T,

Measure the flow rate. .
- (9) Repeat step 8 until you have about 6 sets of readlngs over the range flow. For

RS
|

the last set the jockey should be set at about 10 mm from the zero position. At

the lower flow rates you can reduce the mass ofwater collected in the Welghmg

SR

tank to 15 kg.

2.7
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(10)

(11) Repeat steps 5 to 9, but this time move the jockey in steps of about 25 mm c\

Switch off the bench pump and fit the hemispherical cup to the apparatus us

the method in steps 2 and'3. Repeat step 4 to check the datum setting.

take the last set of readings at about 20 mm.

nozzle.

_Datum GrOOVe

‘ H H .Jockey He1ght .
A l
1
l

) Beam

o
‘

Figure 6 Tally in datum position

2.8

(12)-Switch off the bench pump and record the mass m ofthejockey weight

diameter d of the nozzle, and the distance s of.the vanes from the outlet of |

]

B T TR "n.\k-.'ll‘&)}lﬁ"\\_\1

|
|
l

3
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+ Data collected and

" Results for flat plate:
Mass of t WT
water (s) (mm) (kgls)
m(kg)
75 |
75 T
75 |
75 |
7.5
75 |
7.5 R

'_.R.esultsé for hemispherical cup:

SzERESL -
|

Masé of

| water

‘m(kg)

t
T(’S')‘ .

AX m

_(mm)_| (kals)

e B

T ™ e F F Error -
(mis) |-(mis) | (N) | Theo- | EXP
Iy

T

u
(mis)

-

7.5

7.5

- 1.5

7.5

7.5

7.5

7.5

— Tzmual F | F Error
(mls) (N) Theo. | EXp.
- __N_._ __‘_NV# _—_——— "\l l——
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* Resulis and discussions

(1) Plot F against r.nUo for the two vanes, and, for the two values of F, the

thaoretical and the experimental’; comment on their linearity.
(2) If the lines-on your graph do not pass through the origin, what reason might

T

B,

there be for this?
(3) Why isthe force o

flat plate?

[
v

n the hemispherical cap somewhat less than twice that on the

Conclusions

(1) How well do your results compare with the theory?
asuring the force on each of the vanes

(2) What accuracy have you achieved in.me

(calculated from the diéplacément)?

P

q

,___
—
;
Ed

T

|
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Losses in Pipes and Pipe bends

*  Objectives

1. To determine the variation of friction factor with Reynolds Nurnber.
2. To determine the relationship between total head loss and flow rate for pipe

bends and other common pipe fittings.
3. To determine the loss coefficient for each fitting

+  Theory
g—_J:; The energy loss in internal flows (laminar or turbulent) is due to : v
;»' (@) Friction losses due to the shear stress on the wall of the duct. These losses
i% are often called the “Major Losses”. The head loss occurs from fiction effects
= is designated “hy". |
(b) Minor Losses, which are the losses that the flow experiences at the pipe inlet
and exit in addition to the losses caused by valves, bends, elbows, sudden
and gradual contractions and expansions. The head loss occurs from each’of ="
the aboveis hp a’nd Zh, is designated for all minor losses.
, Both losses, major and minor, are expressed in a head loss hy in the energy
% ' equation as shown-below
e :
B 2 2
g 5-l-—VL+Zn+hp:,Ez—-l-£+22+hr+h,_
| Y 29 T .29
g Where
hu: hf + Ehm

|

h, = Pump head
hr = Turbine head -

" B
i

: Major Losses
% It is found convenient to express the head loss due to friction effects for internalh

l flows, circular or non circular pipes, smooth or rough surfaces as

i IR

: s
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Where
L and D are the length and diameter of the pipe
V.. is the mean velocity of the fluid.

fis the friction factor (also called the Darey friction factor)

For laminar flow (i.e Reynolds number, Re < 2300 )

64

f=—m

‘Re

For turbulent flow the friction faCtor‘depends on Reynolds number and the relative
roughness €/D, which is the ratio of the meah height of roughness of the pipe to the

pipe diameter: ‘ _
Experimental results of this dependence are presented in the relation known as the

e s

“Colebrook equation™:

.-“‘-_.-_:-‘ a

KNP CCREL
i 87 ReVi)

This form was plotted into the famous "Moady chart”.

L,
1. #

—_— — e ——

V|2/29

=11

o

| rjl g_ﬂfv, :lr | —;Vz j T

—
<

E

e
—

—_— ——

Figure 1 Pressure tapping upstream and downstream of a sudden
expansion. |

3.3
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Minor Losses

In general it is not possible to use simple theary to predict the head loss due

fittings such as bends and valves. The loss for any particular fitting therefore has
be determined by exp.eriment, In order to avoid errors due to the disturbance .in tl
flow close to the fitting, the head loss is'measured using pressure tapping place
several pipe diameters upstream and downstream. Considering a general case :
shown in Figure 1, in which the upstream and downstream pipe diameters a.

<\
different, the Bernoulli's equation can be written as

| 2 2

l 5+Z,+V—‘:P—"Jr22+y1~+hL '

@ Y g v 2

@ if h=E+Z then

‘ Y

% 2 'Vz
_ h‘1+M—=h2'+—2—+hL

% R e 2:.9 29 .. s Eam e

Where hg is the total head loss between the pressure tapping.

‘L

~ The total head loss has two components:

a- Friction loss hy in the upstream and downstream pipes.

b- Minor head loss hy, due to the fitting alone.

Re-writing Bernoulli's equation and noting that (h1—hp) is the measured head loss

Ah recorded by the manometer, we have

2__\y2
h, = Ah+[x‘——\i}——h,

e R - < R =

2g

" e

&= il ; (===

3.4
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d loss due to fittings we therefore have to -correct the

In order to obtain the hea
velocity head and also subtract | the head

measured head l0ss for the change in
If the upstream and downstream diameters are the same,
then'V1 =V, and we haye

hey = Ah— hi

The minor head loss is usually expressed in terms of the loss coefficient K defined

N
[N

K=o

V2/2g

Where V is the velocity in the smaller pipe '(in this case V1)

Apparatus

The apparatus shown dlagrammatically in Figure
hydraulic circuits each oné containing.a number of pipe system components. Both -
ydrauhc bench. The components

from the same h

2. consists of two separate

circuits are supplied with water

in-each of thé&-circuits aré as follows

.2. Standard Elbow Bend (C) radius

% M‘JJL\-...W-"-‘. . 2EDORY, i

Dark Blue Circuit (DBC) ‘ ' — —

1. Gate valve (D)
127 mm

1l

3. 90° Miter Bend (B)

length = 9174.4 mm

4. Straight pipe -
Small diameter= 13.6 mm
Large diameter = 26.2 mm
Pipe material is copper

(e =0.0015 mm)

Light Blue Circuit (LBC)
1. Globe Valve (K)
2. Sudden Expansion (E)

3 Sudden Contraction (F)
‘ 3.5
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4. 150 mm radius 90° bend (J), Rid=11.1
5. 100 mm radius 90° bend _(H) ,Rid=7.4
6. 60 mm radius 90° bend (G) , R/d =3.7

In all cases (except the gate and globe valves) the pressure change across each

of the components is measured by a pair of pressuri

case of the valves pressure: measurement is made by U-tube manometer

zed pieiometer tubes. In the

containing mercury.

W5 usioL WTI

87
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* Procedure

(1)

(4)

(9)

(6)

N

- ®

(9)-

(10)

(11)

CI05= the globe valve K and open the gate valve D,

see Figure 2. Swntch on the bench pump and open the

bench supply valve to admit water to the dark blue

circuit. Allow water to flow for 2 to 3 minutes.

Close the gate valve D and bleed all of the trapped air |nto the top of
the manometers tubes. Check that all the manometers. show zero
pressure difference.

Open the gate valve and then, by carefully opening the bled screws at
the top of the mercury U tube, fill each limb with water. Make sure that
all air bubbles have been expelled, then close the bleed screws.

Close the gate valve, open the globe valve, and repeat the procedure
for the light blue circuit.

Open fully the bench supply valve. Then close the globe valve and
apen fully the gate valve to obtain the maximum flow rate through the
dark blue circuit.

If necessary, adjust the watéer levels in the manometers by pumping air
into, of releasing air from the bleed valves at the tops »of sthe
manometers.

Record the readings of each of the manometer across the straight pipe
in the dark blue circuit. Note the reference number of that manometer.
Measure the flow rate by timing the collection of water in the bench
weigﬁing tank.

Measure the water temperature by holding a mercury thermometer in
the flow at exit-fram the outlet hose.

Close the gate valve to reduce the differential manometer reading by
about 10% .. Again read the manometer as in step (7). -

Repeat this procedure until you have about 10 sets of readings over

the whole range of flow.

3.8
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Table 1,b Calculation of the friction factor f

« « Dafa

Table 1,a Readings_frqm-..t

R

ALY TEEA RN AL R WIS T

Time | Ah=hy |

m

| No. _pm"j
kg
1
2
3
4
5

No.

7m°7\7 ‘Re

K23k | A e 2

_kals

Flow type. -

he dark blue circuit

3.8
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Table 4 The minor loss coefficient K

Standard

.Test No,

Fitting type : ) 3 i

5

Avera'gé

Value

Expansion

Confraction

Bend J

Bend H

Bend G

Globe Value

« Results and discussions

(1) Completé all of the attached tables

(2) Plot the relationship between the friction factor and Reynolds

graph should also show the theoretical relationships. (DBC only) "

3) Dogs the loss coefficients vary with the flow rate?

(4) Hovs) do your values of K compare with standard data?

3.12
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Flow. Visualization

+  Objectives

To'make the student famlhar with the flow patterns and to see the stream lines when
dlfferent shapes of objects are mSerted in the flow path.

*  Apparatus
a- Flow Visualization equipment

The flow visualization equipment is powered by"{éi' synchronous A.C.” motor
driving a centrifugal blower, which produces a maximum wind speed of about
12 m/s in the test \SEEtlQﬁ- A particularly uniform iow—turbulence flow is achieved
by the use of 3 gauze screens a small-cell honeycomb and a 9:1 light hill
contraction. The test eectlon is eﬁectlvely 2-dimensional, bemg 25.4 mm WIde ‘

b Sl it R e

|Ilum|nated by an |ntegra| strlp hght and fitted WIth a Wlndow incarporating the

,.-.-.-—:

model attachment and means of rotatlon Provnsxon is miade for the fitting of a
————smoke generator. |

e e

b- Integrated smoke generator. (Figure 1) ' _ =

In this equipment, an oil mist is formed by the atomization of a heated mineral
oil in an air stream. - The resultant “vapor” being largely a suspension of fine
liquid droplets, frem a. highly visible “smoke” with contrast characteristics
par’tleularly suitable for photography.
Oil is gravity-fed from an oil reservoir to-a pyrex vaporizing tube incarporating
an electrical heater. The vapor, entrained in an-air stream provnded by a twin
“diaphragm pump, is then passed to a flexible smoke reservoir which serves to
smooih the flow and damp out variations in densnty (It also facilitates clearance
of condensed oil from the outlet tubes). Fine control over the generation of
smoke is prov1ded by a valve adjacent to the vaporizing tube. The contents of |
the. smoke reservoir are discharged through on outlet p.lpe to the smoke rake

provided with the equipment. ‘Athrottle clamp enables smoke circuit asclllations

to be damped out.

5.2
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o=
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X “tunnel or - o ns .
; duct = g Air Flow

SHOKE RAKE (6 Plume)

Figure 1 Integrated smoke gene

rator for flow visualization system.
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¥ Procedure

(1) Remove the test section window by undoing the four knurled screws :

located near the corners of the frame.

(2) Remove the model already mounted by unscrewing the knurled knob of the

model pivoting . assembly. Fit the required model, (cylinder, faired cylinder, ,
double wedge, single wedge, aerofoil, flapped aerofoil) ensuring that the
]

location pins are engaged with the holes in the model, and clamp it by

tightening the knurled knob.
(3) Rep!ace the window into the test section and screw it up tightly to compress the

foam gasket. Failure to do this will result in smoke leaking from around the

_ frame.
(4) Check the ail level, ensuring that the reservoir has been filled and that the oil
level has begome established at the correct level.

(5) Check that the white knob on the air pump is screwed out.four turns from the

fully closed position.
6) Switch on the air pump.
7) Switch onthe heater.
- *(8) ¥ Close: the smoke control valve to ac

den5|ty ~ Adjust to su suit air speed changes
w air speeds can be smoothed by adjusting the

—~ o~

hievé Gptimum filament thickness and

(9) Pulsatlng smoke filament at lo
throttle clamp on the outlet pipe. Always re-open this throttie when its use
becomes unnecessary.

- (10) Ribbon-like filament ma
e emitters with the flow.

y be rendered more cylindrical by turning the rake on its

. vertical axis to align th
n its pivot, apply finger pressure 10 t

ce or “attack” is indicated on a sca

(11) To rotete the model 0 he pointer near its tip.

The angle of inciden le of + 30 degrees
divided into 5 de-grees.
(12) Adjust the tunnel wind s

choke plate vertically in

peed to achieve the desired results by sliding the blank

and out of the slot near the tunnel outlet, For most

d to provide the best visualization.
ou have, and draw the flow lines for each model at

purposes slow speeds ten

(13) Repeat this for the models y

different speed and dlﬁerent

attack angle:

#__

e
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(14) When you finish the experiment switch off the heater only leaving the air pump

at least one minute to assist cooling.

running for
sconnect the electrical supply.

(15) Switch off the air pump and di

Results and discussions

1) Draw the shape of stream line for each model you will use.

e shape of the model being used?

(
(2) Whatis the engineering meaning of stream line?
(
( eam line?

)
)

3) Dose lhe shape of stream line depend on th
)

4) What are the engineering values for str

N T
B

5.5
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EXPERIMENT 6 Hydraulic Jump In Open Chan-

nel Flow

" At o AT

p—
0

EFE

sy
ity

1 OBJECTIVES

© To confirm the theory relat-
ing to the flow under a sluice

. . pate with thg formulation of
a hydraulic jump in a rectan-

gular channel.

e To estimate the force exerted
by the sluice gate on the
flow- from momentum func-

tion considerations.

e To estimate the energy head

loss and power loss at the

jump section by specific en-

ergy considerations.

6.2
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2 APPARATUS

() Rectangular open channel.

(b) Constant and steady supply of water to the channel with means of 'Varyin.g
the flow.

"(c) Sluice gate.
(d) Depth measuring device.
(e) Flow Yate mensuring facility.

(f) StopWatch.

3 THEORY

At any point in the flow the specific energy and momentum function M will

be given by

7
E= —
v+ %97
. z P et
2 E T . = 22_ + L per unit width L
' gy 2
where y = depth of flow
qg = quantity of flow per gnit width = %
Q = total quantity of flow
b = channel width, = 7.62 cm
Application of the E and M concepts to the flow under a sluice gate with

the formulation of the hydraulic jump gives:

6.3
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Figure 1:
- For flow under the sluice gate
Ey = E,
P
— =M, — M1

g
where P = force per umt width exerted by the sluice. :gate on the fluid.

"r‘.':_r

For the hydrauhc Jump

My = M,
2
L,%_7 4

9y 2 gy; 2

w=2 [,/1 O - 1]

where' Fr, = Froude number at section (2) = q/,/gy?
If dE is the energy loss in the jump, then

or

dE=E2—E3

and power loss in the Jump = pgQdE.

6.4
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’ H diagram. \
Figure 2: i
|

4 EXPERIMENTAL PROCEDURE

1. The flow channel was adjusted so that the bed was horizontal and the

gate is set up sbout 1 m from the inlet

f moveable sluice-

. 2. The water supply was admitted to the channel and the flow control valve
% " * and the Zluice gate opening are adjusted to give fh'e”;%—ge of flow depth

m snd downstream of the hydraulic jump- . ;

i B uPstrea

é‘ . — mwi« Sipke. B
: 3. The system was allowed to steady/before the total flow rate Q and the
. depth ,,y, and ys Were recorded. '

£ ANALYSIS & CONCLUSIONS

y E and the momentuim function A corre-

% 1. Calculate the specific energ
d sponding to the three measu

t width and hence the tota

red depths of flow.

l force acting on

2
4 5 Calculate the force Per uni
sluice gate.
v 3, .Frﬁm energy consideration qalculate y, and compare thi; with the mea-
% sured ¥
ﬁ .

6.5
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% 4. Calculate the energy head loss and the power loss.
' 5. Using the experimental value of y; calculate Fr,.

6. Celculate y; and compare it with the measured Y3-

sponding to one experimental quantity of flow per unit width for several

) g 7. Plot the theoretical specific energy and momentum function curves corre-
% chosen depths. Please superimpose theé measured depths of flows over

theoretical curves.

- Show how can you present the force P on the momentum Ffunction dia-

gram.

- »
- B
-
‘e
!
-l
D ]
&
"l
121
3
3
1i
1y

.

=
ot

o

6.6
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. ments,three single column man

The performance of a radial flow

EXPERIMENT 7

fan

1 OBJECTIVE The performance of a radial flow

rotor in amir is to be determined
over a wide range of operating

_conditions and for interchangeable

impellers with forward, backward

and radial blades. . . _ .

2 APPARATUS

Single stage I;adial flow fan equipped with interchangeable impellers, witl
forward-curved, backward-curved and radial blades, variable speed D.C. elec

namometer,
standard 75 mm nozzle, figure 1

iric motor with swinging field dy a counter for speed ineasure

ometers,

_atmosphere by way of the measuring nozzle, :

The fan draws air from the
r, while the fan discharge into the atmosphere &

flow straigh;fer, and a diffuse

1'egulated by a throttle valve.

Scanned by CamScanner
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H it INTEACHAMGCLARLL
H i JULL 8OAC —M
WOLIE  — —e— —

h, RTIL |,l %
3 . foarouerLn
"ns

TRAOTTLL C

vauvi \

" mrartuae h
with micaostten 4
TAAVIASC l

1Z%.] j ! h ﬂ/ ‘
- = [ +— intake nozzle
L—_l . SPAING Backuward. )
s curved Radial

= /'\\) :\:)/i

T [4 - ~

] auniLH (\ / |\

ALTLANA LI 17| FpELLMS

VARIABLE SPEED DYMNAMOMETER MOTOR
—

- . | ]
B IO I B e e

@ . 0 & e JJ r/
AUO'TIONAL FITTINGS

STANQARD IMPLLLER
Foruward curved

Schematic Diagram

Figure 1:

3 EXPERIMENTA_L_ PROCEDURE

L o

The fan is to run at a series of constant speeds not exceedmg 3000 rev/min, and

. @}g%l ..-.L..rm-, el

HEs

B

|

Bia

1
5T

' (centrlfugal) or axial flow. Ce

sure differences are required. Ver

the ﬂqw rate is to be varied in each test by ‘means of the “throttle. Measure the
speed IN, torque T by noting the balancing force, the pressure rise H generated

by the fan and measurable by 2 manolneter across the machine graduated in

cm of water. For each run keep N constant and alter the throttle from open

to fully shut, thus changmg T, H and Q.

4 THEORY

Any pumping job can be done with rotodynamic machmes havmg rotating el-
ements called impeller. Rotodynamic machines are cassified as radial, mixed

ntrifugal machines are prefered when high pres-

y high pressure may be produced by mnlti-

7.3
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- T = &ir temperature in °K

stage radial flow machines. The ir compressor for a jet enginé is an exam
of a multi-stage fan. The fan total pressure rise is defined as the differes
between the total pressures at fan outlet and fan inlet i.e. It is a measure |
the total pressure difference imposed on air by the fan. Iu the apparatus (fi l
the cross-sectional area at inlet and exit are equal. It follows that the veloc |

pressure at inlet and outlet are equal and the fan total pressure rse is eq )

to thg difference between the corresponding static pressure.
AP =98.1(hy — hy) N/m?

Q= w_/olumetric rate of flow (m®/s) and is calculated by :-

' T
P,

@ = 1.006

Where

hy = drop in head at the standard nozzle in an H,0

. ) ] 5
P, = atmospheric pressure in N/m

The total air power of the fan or the useful work done, is equal to tl

Tt e T

product of fan total pressure and volumetnc rate of flow.

- —l—-v-——v—'"‘

Power,,,,. = 98 1(hs — hz)Q

i

" Note hy> 0 and hy <0

The power input from the dynamometer is given by :

s Frar N
Power,poge = Tw = 60

Where
T = Torque = F X1
F = Load

w = Angular velocity (rad/s)
N = Angulé‘r velocity rev/min

T = 17.9 CIn

7.4
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The losses in the driving belt and fan bearing may be measuréd by driving ‘ i
i

1

the fan with the impeller removed and subtracting the resulting loss from the

_:m;.

shaft power to gi've the impeller power.

3 __ Total Air wer
The net efficiency =17 = ———-—Po——,,ﬁpc“‘, o

5 ANALYSIS & CONCLUSIONS

) g | 1. Plot ( ha <h; ) jtotal air power , 7, against @ for each speed.

. Plot ( hy — hy)/N* , total air power/N° ,and 7, against Q/N.

N

. Comment on any points of general interest which arise from the test

.&%.-
[$V]

_Tesults.
. Can this type. of fan test be used to predict the performance of a geomet-
for drainage scheme.

LN

rically similar pump proposed

e angle at exit on the performance curve.

; Discuss the effect of blad

o

W ¥ SRR

ST

|
I
|
|
\
|
1
|
|
|
|
1
i
|
|
|
|
|
|
|
|
|
|
l
|
|
|

|
|
|
|

\@-_:_.. A%E%‘_"'f z& ’
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Comparison of Pumps Characteristics

«  Objectives

To establish a set of pump charact@ristics, at constant and variable speeds, for

1.
the following pumps :
a) Positive (single cylinder double acting pump) displacement reciproc'atingr
pump. ' 4 |
b) Centrifugal pump (horlzontal)
f each pump under identical

2. To compare the performance characteristics O

speed condltrons

x Theory ,
pumps is not only transportatien of fluids, but to add energy

The primary function of
s are

wids. Different types of pump designed to process fluids

to the transported f

under variable engmeermg conditions.

1. Calculation of pump characteristic parameters:
a) Water power = pgQ’hpl 0 3 (kW) , also called the pump power

Where

p Dénsity of water(kg/m S T

= Acceleratron due to gravrty (m/s %).

c flow rate (m 3/s).

Q' = Volumetn
In terms of

gain in meter of ‘water (the pump head).

hp = Head
pressure difference AP through the pump, the pump‘head is
given by: '
‘ hip = AP/gp10°.
Where _
AP = Delivery pressuré (Pq) — suction pressure. (Ps), bar
b) Brake power= o @FR10° (KW). ' h
Where
—— o = Motor speed (revls): . o : -
= Sprind load (kg) X 9 81.

F= Brake load (N) =

e arm radius (m) = 0.15m. .

R = Torqu

N Water power -
c) Overall efficiency o= "grake power

8.2
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. d) Volumetric efficiency my = measured volumetric flow rate Q*°
Calpulatcd volumetrc flow rate Q °

e) The calculated volumetric .ﬂow rate Q.is obtained as follows:-
§ a. For Positive displacement reciprocating pump:-
For single acting pump .
Q; =Ala (mYs)
Fora c‘i'ouble acting pump

: Q: =2A,Lw (m%s)

S s *

e

P SR

IS T
1

Jﬂré}__‘i’ ;

Where

A, = Total cross sectional area of cylinder (m?) = 15.55 x 107* m?
L = Stroke of piston (m) ='0.0413 m

o= Pump speed (rev/s)
For the present arrangement @ = f'ito—rf’i&ei

b. For centrifugal pump:-_ ...c-... _

S @ (m¥%)

For the present arrangement a}:vz(_rnotor speed)

4 o
(]
3

*  Apparatus A |
: ir a volumetric measuring tank with ove

The water circuit incorporates a resernol
In addition th

flow, and bottom release valve mounted above the reservoir.
ided. The driving motor is a D.C. machin

———

B

' necessary pipe work and valve are provi

- coupled to a spring dynamometer, Figure 1,
ate and the necessary pressures.

The system is ‘instrumented for th
Th |

measurement of speed, torque, flow r
Universal Pump Test Bed comprlses three

—
“

pumps.

Ly

ment reciprocating Pump. —-—
ven by a motor (power pump), where the pump p|5t(

o a crank- -shaft that is geared to counter -shaft ar
y toothed belt. The operatlon of power drivt
e outward stroke of plunger creates a suctic

to the cylinder through

—- a. Positive displace
A reciprocating pump dri
or plunger is connected 1
ected to the driving motor b
pump is such that th

R

conn
the suction valve.

reciprocating
behind it enabling the liquid to flow in

—

8.3
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Brake Power

Water power

SUCTION

Figure 1 TheApparatus.

g.4
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sEr R . Note: This pump

On the reverse stroke the liquid is forced to flow out of discharge valve
This is a Stuart Turner single cylinder double acting purnp'having A ——
output of 0.45 liters/s at a head of 53 meters when running at the maximurr

speed of 4 rev/s. Bore and stroke are 44.5 and 41.3 mm respectively.

The Reciprocaling pump is connected to the D.C. motor using a toothed belt anc

pulley giving a motor/pump s_;peed retlo of 5to 1.

b. Centrifugal Pump.

This is a horizontal centrifugal pum
a head‘of 1.06 meters when running at 12.5 rev/sec. Connection to the D.C

motor by toothed belt and pulleys gives a motor/pump speed ratio of 1 to 2.

p which has a nominal output of 0.75 liters/s a

c. Gear Pump.
This is an inviolute gear type with a nominal output of 0.2 liters/sec wher

It is connected to the D.C. dynamometer by a toothed bel

running at 5 rev/sec.
f3tol.

drive and pulley system giving a motor/pump speed ratio o
No. of teeth 12

Face width 41.3 mm

Clearance 0.7 mm

Pressure angle 20°
Diametrical pitch 0.236 teeth/mm

Root diameter 41.5 mm
is not working in the"present set-up.

hll
RILH
!

x - Procedure

Starting
1.

Fuily open the suctlon and delrvery valves of the pump to be tested an
m by closrng their correspondint

isolate any other pumps in the syste

valves.
. Open the pressure gauge valves for the pump to be tested.
Position the motor variable speed control on the control at zero volts

(fully anti- clockWISe)
Switch on the power supply to the unit .

5 With the motor torqué arm in the hor
ometer to give a zero reading. Th

izontal position adjust the sprin
dynam he un|t is now ready to run tests.

Precaution
Do not run the motor f

amps which is the maxim

or periods of more than10 minutes atan armature current of

um permitted current for continuous running.

85

' e vr—— -
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g‘. . Stoppin
4. Return the motor variable speed control.to the zero poélition'. (fully anti-

5 clockwise)
2. Close the pump inlet vaive (s).

close the discharge valve before the inlet valve if the pump is to remain

When using the centrifugal pump first

primed. .

Constant speed test
1. Positive dlsplacement reciprocating Pump

, Cl Gradually increase the voltage applied to the motor until the pump is

running at the operation speed selected.
pressure to the maximum value.

'g ; EJ Adjust the delivery
. O Record the brake load.
— 0 Record the shaft speed. _
| 0 Measure the water flow rate by recording the time taken to collect a
measured volume of water. (19 Liters)
" O Read suction and delivery pressures Repeat this procedure for lower

Gty

D AWEEAEE . A values of delivery pressure.z mEEmET . v e

2. Centnfugal pump:-
0 Bring the pump gradually up

open inlet and outlet valves to @
ressures.

to the selected opera’ung speed and

allow maximum delivery.

R | e -

Note suctlon and dehvery p
Note brake load.

Note pump speed.

Note ﬂow. rate.

Repeat for increment

g the delivery valve

e

s of delivery pressure closin

o o oo Q0

in several steps.

\

|
|
|

e

8.6
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Varia_ble speed tests

1. Positive displacement reciprocating purﬁp
O Bring the pump gradually to maximum speed and delivery pressure. -
O Note del'ivery pressure, suction pressuré, brake load, pump S:peed and
volumetric flow rate. |
0 Repeat this procedure for lower values of pump speed.
O For each pump speed selected, maintain a‘constant pressure risé by

adjusting the delivery valve,

!
1]
A
jal
i

8.7
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Data collected . I , | . |

* Centrifugal Pump- _ | |

Tablé 1 Data for the centrifugal pump , |

15 vis current ....ceeeeene (A)
w=15re

’”‘FQ-“-"-FT;’"W‘WW Time
(bar (bar) (kg) (kg) (s)
Q -1 | °
0 | 0.5 i | 5 |
0 07 T - L
kr*”'&?’/ _:
- A

il
i

o

For a constant Psa=04 (bar)

ré@:n m& )

!

e

J

—Springload |
(bar) (revis) (kag) : -

-t
=
— | 1 ’
— | 17. | .
]
S B e
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*_Reciprocating Pump
Table 2 Data for the reciprocating pump.
" w=15 rev.sec.
r? Pq Spring load M‘ass of water Time Curren
(bar) (bar) (kg) (kg) (s) (A)
0 . 0.5 5
0 | 1o 5
0. [ 20 5
0. | 30 5
0 [ 40 5 i
|
" Pg=1.5 (b_ar) Current .............. (A)
W :Ps Spring: load Mass of water Time Current
(revis) (bar) (kg) (kg) (s) (A)
T2 0 5 )
14 0 5
16 0 5
18 0 S
20 [ 7 0

d
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o

. Results and discussions

Constant speed tests
1. For both pumps
On the same figure; " put using different sca

between water power, brake power, overall efficiency and volumetric

efficiency with output pressure .
|

les, show the relationship o

2. Forthe Eentrifuga\ pump

On the same figure, but using dif
jency with volumetric flow rate. -

ferent scales, show the relationship of pump

head, water power, overall effic

9. Comment on the most suitable applications for these two types of purnps and on

their limitations.

Variable speed tests
d on the same figure,’ show the

For the posmve displacement pump only an
and volumetrlc flow rate with pump

X :—:-—

relatlonshtp between brake power, input torque

8.12
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TWO types of turb|n/es are generally used for mechanlcal dnve

Performance of a turbine

Objectives
1. To establish a set of turbine characteristics, at variable speeds, for the following
variables: mechani‘cal. power, hydraulic' power, VOlun'letric flow rate and
 efficiency
2. To find the relation between the mechanical power and the morment for different

speeds.

o Theory

Turbines are devices that can be used to extract mechanical power out of fluids that
are stored at high elevation or high pressure. The working fluid could be water, and in
that case the turbine iz called a hydraulic turbine, it could be gas, and the turbine is -
called a gas turbine, and as in this experiment, the turbine works on air, and it is called
air turbine.

The turbine is composed of a stator, where the working fluid expands from high

pressure through nozzles that are part of the stator, and a rotor, where the working

_- e -v_r-‘-nr'— E e

1- Impulse, where the working fiuid completely expands in the nozzles of the stator
and hits the rotor with a high speed or high-impulse.

2- Reaction, where part of the waorking fluid expansion occurs in the nozzles of the
‘stator and the other part occurs in the rotor. The ratio of the expansion that occurs
in the rotor to the expansion that occurs in the whole turbine is called the degree of

reaction. The apparatus is based or a reaction turbine that uses air as a working

fluid. In this device, the degree of reaction is 100%.

The mechanical power out of a work-producing rotating machine is given by
Pmech = 0. e e e e e (1)
Where:  is the angular speed, in radian/second
T is the tarque, in Newton- -meters

In practice, itis common to put the angularspeed in terms of revolutions per minute, n,

or
0= 27N 60 e ()

9:2
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power becomes Pmeen= 2 7. 1. T160=7n.T/30,

Hence, the mechanical
ad of Newton-meters, the

And if the torque is measured in Newton- -centimeters inste

- :
.mechamcal power becomes

Pmech=n.n.T/3000...........................................‘ (3)

power given by thé WOrkihg fluid to the mach'me.'

The hydraul.ic power is the theoretical

Itis given by
Phyd = Pd RY; (4)

pefore entering the turbine(

.,

Where pq is the air pressure
is the volumetric flow rate of air in m/s,

Nozzle pressure), inPa, a vV

The efficiency of the turbme is given by
= Pmechl Ph)’d ................................'...(5)

. Apparatus
ed to the

(OF Compressed air is f
The ﬂow of a_nr is regulated by @
ne flow meter(3).

it layout on @ pase frame

the middle of the turbme
easured usmg a glass - co
ducer (7)-

Figure-1 shows the un!

turblne(14) through a hose at

regulatlon Valve (1(2) and its flow rate is m
asured by a Joad unit (or brar brake unlt) with force trans

s

E‘“ — "»The‘load is-me

§ A schematlc of the device ‘which traces the path of compressed air my'&éfn

F (flow diagram) is shown in Fig. 2. Detalls of the load unit (or brake unit) are shown in

i% - Fig. 3. A section in the turbine: is- shown in Fig. 4. A view in the turbme wheel
les is shown in Fig. 5.

! | (impeller) including four nozz
|

ns of ihe turbine are listed as follows

' The major specn’lcatlo

% Maximum power = 25 W
d = 30,000 rpm

meter = 50 mm

MaXImum spee

l”@ : Turbine whee! di
Qutlet nozzle diameter = 1.5 mm -

Maximum torque =10N

let pressure

Maximum flow rate = 315 liters/min.

Maxirhurn in =25 bar

9.3
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1. Base frame

2. Thermocouple

3. Glass cane flowmeter
4. Outlet manometer

5. Seleclion switch for temperature measurement point

6. Temperature display
7. Load unit with force transducer

8. Torque display .

9. Speed display

10. Inlet manometer

11. Pressure regulator with filter

12. Fine regulation valve for volumetric flow rate
13. Shut-off valve for air cooling

14. Reaction turbine

Fig.1- Unit layout
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R ey 3

: C
g 5 N 1
s s 0
% 1. Coupling connection for compressed air supply
- 2. Solenoid valve as rapid stop for overspeed
3. Compressed air regulatar
@ 4. Fine regulation valve for adjusting the volumetric flow rate
E 5. Compressed air manifold
N 6. Temperature measuring point
7. Pressure measuring point
% .. 8. Reactiop turbine A
B Q. shut-off valve for air cooling Gma £
L 10. Flowmeter
2 Fig. 2- System schematic

rom the turbine, @
g unit is fitted to the demonstration

torque can pe applied using a belt
ne shaft (2) and the rotating
loading unit. The beltis also
sducer (4). The torque is

calculated from half the roller diameter (lever arm
_ {omm) and the braking force. The braking
torque can pe adjusted with aknurled polt(5). The
more the pelt is placed under tension the larger

the braking forque..

So that torque ¢an be drawn f

special loadin
unit. Abraking
(1) that links the turbi
guide roller (3) on the
linked to @ force tran

I

Direction of rotation of the

4 T

LIRS
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The turbineisa smgle stage reaction turblne with
horizontal shafi.

A (2) to the wheel (3). Carrect transition from fixed

a\ls ! air feed to the rotating wheel is ensured by a hose

@ fitting (4) at the wheel mounting that can rotate in

. . 6 a plain bearing (5). The wheel is a pure reaction

/ wheel with nozzle-shaped outlets. The-

conversion of pressureinto kinetic energy only

occurs at the wheel. As this is a single-stage
turbine, the airleaves the turbineimmediately after
the wheel.

The wheel (3), with an effective diameter of 50mm,
L T | has 4 outlet nozzles with a diameter of 1.5 mm.
- L The wheel is overhung-mounted on the turbine

Fig. 4- A section in the turbine  gpatt (5). This runsin two ball bearings (6) made

 of stainless steel. The bearings, fitted with

cover discs, are lubricated with grease.
L An air-cooled brake drum (7) is fitted to the
TR other end of the turbine shaft fof Tieastring
power. The braking device consists of a fixed flat
belt; the tension on‘the belt is changed using an
adjustment bolt. The belt force is measured using

‘ a strain gauge. '

The speed is measured usmg a photoelectnc_
reflex switch. The measuring markis on the top
end of the brake drum.

The wheel runs in a Plexiglass housing, so that it

is also visible during operation.

A non-contact labyrinth seal (8) seals the turbine

shaft from the environment. For this purpose a

ridged bush is in contact with the turbine shaft.

4
EE?%D '.\ 8 .
, 7 Inthe turbine housing (1), the airis fed via a hose
N % ;

L7

7

Fig. 5- A view of.the turbine wheel
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o Experimental procedure

1- Fully open shut-off valve(13) for air cooling. - .

2_ Undo the loading device and slowly increase the air nozzle pressure to 2 bar using
fine regulation valve (12).

3. As the turbine runs to its no-load speed, a rapid stop will be triggered to prevent
over speeding of more than 30,000 rpm.

4- Using the loading device, the turbine is braked in steps ranging from 2000 to 4000
rpm and the'speed, torque, nozzle pressure, temperaturesand air volumetric flow
rate are recorded by filling Table-1, termed Raw data. Make sure that the nozzle
pressure is constant; otherwise re-adjust using the fine regulation valve.

o Results and discussion

, 1- Makeyour calculations_ of mechanical power, hydraulic power and efficiency,
3{ showing a sample calculation.
: 2. Fill in the Table-2, termed Measured and calculated results.
_ "3- Plotthe mechanical power, hydraulic power and torque against speed on one
K diagram by making the speed on the x-axis, the torque on the left y-axis and the
i mechanical and hydraulic power on the right y-axis. These curves are called
performance or characteristic curves.
”] 4- How does the mechanical power compare with the maximum power given in the
=3 machine speciﬂcations? What is the reasons of discrepancy?
5- How does the mechanical power compare with the hydraulic power
{ 6- Where is sugh a turbine used? Pravide an example of a sjr_ni_lag_‘_t_gr_bjgg_thét is used
% in actual Iifé?%gﬁ&”ﬁjns on air. ' S RS
% . —— Table1-Rawdata
g - . 5 ‘. —_— —
Speed Torque Nozzle Inlet Outlet Volumetric
n - Mad pressure Temperature Temperature flow rate
% rpm Nm Pd E 2 vV
' - : bar °C °C liters/sec
g ///,,,_J
L
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| . . Table-2 Measured and calculated results

;1 . y

. - - ] Hydraulic

i , Torqu Mechanical | Volumetric ) -

f . B Sp;ied OI{‘AC(Ij e " Power flow rate Pswer Efflcil/ency
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CUSTOMER NOTE: IF THIS BOOK IS ACCOMPANIED BY SOFTWARE,

PLEASE READ THE FOLLOWIN

This software contains files to hel

G BEFORE OPENING THE PACKAGE.
p you utilize the models described in the

. accompanying book. By o_pening the package, you are agreeing to be

bound by the following agreement:

This software productis protected

by copyright and all ights are reserved by

the author and John Wiley & Sons, Inc. Youare licensedtouse this software

on a single computer. Copying the

software 16 another medium or format for

useona single computer does not violate the U.S. Copyright Law. Copying

7 Tthesoftware for any other purpose |s-a violation of the U.S.Copyrightlaw.

_This software product is sold as is without warranty of ary Kind, either )

express or implied, including but not limited 10 the Implied warran——
. ty of merchantability and fitness for a particular purpose- Neither ¢
I . >'Wiley nor itsdealefs of distributors-&

alleged or actual damages arising

ssumes any liability of any
from the use of or the inability

to use this software. (Some states do not allow the exclusion of wi
implied warranties, S0 the exclusion may not apply to you:) - ILEY

P
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