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The liquid-Vapor Saturation Curve

e

*  Objectives
1.To show that the‘ pressurel and itemperature‘ are dependent Qroper@_s in the

saturation region, and to draw the relaticmtween them in that region.

; team
2.To compare the experimental results with theqreticalvalues taken from the ste

tables.

* Theory

It can be shown that:

Where
3
Vq = ifi lume of saturated vapor (m>/kg)
9 pecific volu //,____R_

vy = Specific volume of saturated liquid (m>/kg)

he-he  (kl/kg)
hg = Specific enthalpy of saturated vapor (kJ/kg)

hy = Specific enthalpy of saturated liquid (kJ/kg)
: e = "E
(T=Abso|ute temperature/ (K))) — ‘ K= 273.¢ + C \

(dT!
And is the slope of the pressure — temperature curve for saturated steam in
(dP)sal —_— .

equilibrium with saturated liquid.

The above equation is known as the Clausius-Claperon Equation. The@
can be drawn_from experimentgl data and the above theoretical relationship-can be

investigated using the steam tables.
r____’__——————"————h

12

Scanned with CamScanner



v Apparatus

Marcet boiler: It consists of a small cylindri neter and a,

cal boiler fitted with a thermol

prossure gauge.

+ Procedure

(1) Openthe level tap at the side of th
(2) Fill the boiler with clean water through the

e boiler, and remove the filler plug.
filler plug until water reaches the level

of the tap.

(3) Replace the filler plug and tighten n so that the air can escape

(leave tap Ope

during heating).
(4) Insert the thermometer into the hole in the filler plug.

(5) Place the peaker directly under the level tap. B
(6) Plug the unit into wall socket. ' '

(7) Wait until the wateris boiling Id take about twenty

then close level tap (this shou
minutes).

Note : ON NO ACCOUNT should this tap be reope
e rises take simultaneous readings O

bar, toa maximum pressure of 2 bars.
and as the pressure drops take

ned during the experiment.
(8) As the pressur f pressure and temperature at
pressure intervals of oné

(Q)Unplug the unit from the wall socket,

simultaneous readings of pressure and temperature at intervals of one bar until

ings reduce to zero.

the pressure-gauge read
Kly for the first four or five bars.

Note : The pressure will fall very quic

(10) Note the barometric pressure and complete the table below.

1.3
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¢  Results and Discussions

l//(1) From the experimental results, draw

he relation between the temperature and E_f_\_e

ation D
pressure in the saturation region during increasin decreasing the pressures.

& L(}f Comp
table.
Make a neat skitch of t

« Conclusions /)

— s,

p—

l' (2) Calculate cor

a—

the two .

—

(3) nggest reasons for any differences.

/ =
responding Vv

are the experimental T ults with th
,,———-——%?_/_.

he apparétus | §—

LLP.

—

1.4

ical values taken from the steam:

el

L P(bo\r)

L \DP_L

urve a _thn_'ee different p;ggg@

B (1) Méaéure t;he § Ioée}of thelgressure-temgergty@,g

Hreo

e ar ST

alue of the slope from the steam tables and compare
= ; ; il el Bl o
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Thermodynamic Properties from the|Steam Table

1.5

Pressure Temperature ,
P o
wat °C m'7kg Kikg -
1.0 99.0 1.694 2258
20 120.2 0.8856 2202
@ 1335 0.6057 2164
4.0 1436 W—M‘*‘iﬁf,—”
5.0 151.8 ""6.’5725_’#“""’2@’_#_
6.0 158.8 'W{"W
7.0 /ET’/@E‘/ 2067
8.0 170.4 — 02403 | 2048
9.0 ,ﬁ?ﬂ/”w_/‘ﬁ”
10.0 "‘”W@d—#—*—”‘w&_—ﬂ“”‘zﬁg’——
11.0 W"“’ﬁ?ﬁ’f”’zﬁrﬂ
12.0 "”‘iﬁéf——’_*“"(ﬁ'{séz”_ 1986
‘T"W”‘W*‘"’Tg—ﬁ’f
“""‘ﬁ.‘o—_—"”@ﬁ/—”_"dmﬁ——'—“ﬁé’eﬁﬁf
— 15.0 —”“1’92375/*“"’6751'7'—__—"“‘@7—_’
“"‘—Tﬁﬁ_—’d"’mﬁﬂ*’_”cﬁ'ﬁf———*"?ﬁ"
—-/-—1-775’””//2—@37"’—————@3{“”————7@5—"—
’”’“—?ETO”——""QT)TT—""’WW—’_ 1912
*”"“1‘9—.()——/—""’2”0"9'.5"—“ 0.1047 1901
— 200 | 212.4 0.09957 1890
[ e L

Scanned with CamScanner



University of Jordan
Faculty of Engineering & Technology
Mechanical Engineering Dept.

Thermal and Fluid Sciences Lab.

| Dr. Adnan Jaradat

Experiment 2: Flow Through A Nozzle

Short

Full

Report

—
Student Name:-

-

Student No.
k w,

2.1

Scanned with CamScanner



ES

Elow Through A Nozzle

Objectives
To study the pressure distribution through a nozzle for different exit pressures and -

different flow rates.

x [ntroduction

A rlozzle| is a steady state-flow “device, whosWJumalﬂ_ﬂW ocity

its pregsure.. Nozzles are commonly utilized in et

fluid stream_at
engines, rockets, spacecraits, and even arden hoses. The cross-sectional area of a
’—_—” R

i fo

flows, andSincreases) for

nozzle
sugersonic ilows, see Figure 1.

The rate of heat transfer between the fluid flowing through a nozzle and the

surroundings is usually very small (Q°=0). There is little or no change in potential

energy (Ape = 0), and the process involves no work (W' =0).

Eubsor\lc | @

m<1 M>1)
M<Im M= M>1! Vdecreazes M 31
e a1 o a1 e

l p decreases ‘ p decreases l

Nozzle, Diffuser
M<I'Vd/’ _E’.‘.‘_”.‘IM<1 M>1?m‘l!m>l
N e madley| T3

Diffuser Nozzle

Figure 1 Variation of velocity, pressure, and density due to area

- change for subsonic and supersonic flows.
2.2
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Theory

The flow of ideal gas through three different nozzles is shown in Figure 2. The

_nozzle discharges into a plenum chamber, in which the pressure is P, can be

regulated. Let P, be the exit pressure just at the exit cross-section of the nozzle.
When Py is reduced, gas is drawn through the nozzle. As Py Is reduced more, the
mass flow rate of gas increases and the velocity increases. The value of the velocity

is the highest at the minimum area, and this can't be higher than the critical value i.e

when the velocity reaches the velocity of sound. At this state theéxit pressuki,s_

at it's critical value, P*, which is given by:

Pt (2 )
R \r+l

Where
P* is
P, is the stagnation pressur v’
Y is the specific heat ratio
on = 1.4 thus
P*=0.528 Po

For conditions other than the critic ition, the velocity at the throat is given by:

il

U,

=
2RT [, _[R]”
y-1 Po

Where To and Po are the temperature and pressure in the nozzle chest, and Py is

the pressure at the throat.

While the mass flow rate at the throat is given by:

2.3
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* probe of stainless steel ray

kgls

In this relation the pressure is in kPa and R=0.287 kJ/kgK

E 3 e
Apparatus Tz 24
A schematic layout of the apparatus is shown in Figure 3. Air is admitted to a cast
iron pressure chest by way of adjustable vales. A nozzle of highly finished brass is

screwed into a seating in the base of the chest and the air or steam expands through

the nozzle.

To enable the pressure distribution through the nozzle to be plotted, a search tube or

be traversed along the axis of the nozzle. 'A's
hich registers

mall cross

e connects with a high grade pressure gauge w
be is traversed by rotating a

calibrated dial and pressures aré usually recorded at intervals of 2.5 mm. A pointer
ozzle profile in order to indicate the

hole in the search tub
the pressure at any point in the nozzle. The search tu

moves with the search tube pasta replica of the n
point in the nozzle at which the pressure is being measured. The nozzle discharges

into a vertical pipe of large bore fitted wi
Other instruments include a second pressure gauge for

hermometer for indicating the

th a throttling valve for controlling the

downstream pressure.
recording the pressure in the chest (Po) and a t

temperature of air or steam in the chest.

) Technical Data

—W_‘
The throa s as follows:
6.35 mm |

e For the convergent nozzle

A

For the convergent>divergent nozzle =636 mm

I For parallel n.ozzle —N 0.00MTT1 m
dp Probe diameter m —b 0.00332 m

s 2\
= ,.)[\{_(é‘:*‘af),

Hnrought 25
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9 16 77

INTERCHANGEABLE NOZZLES

—<——AIROR STEAM

b

INCLINED MANOMETER

WATEH——;»—-—__(Z\: I—- { :—\ >‘—| ll

THROTTLING
CALORIMETER

7 __ LI |'|
== = : =
B | ORIFICE
e —~— —..
el
== |CONDENSER

o
45 CONDENSATE

Figure 3 Schematic layout of the nozzle flow apparatus.

+ Procedure-
(1) Open back pressure valve. Raise probe to no. 1 position.

(2) Set inlet pressure to 400 kPa. Inlet pressure and chest pressure are to be equal.

Chest pressure to be observed throughout experiment and re-adjusted to initial

setting if necessary.
(3) Record probe pressure at each of the stations shown on the nozzle replica.
(4) Repeat for other values of back pressure (pressure in the exit pipe). Check that

the pressure at the throat is not be lower than that for the condition of choking

(critical condition).

26
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*  Data collected

Atmospheric pressure = 2. pa Atmospheric temperature = 28 ¢
Position X/ Po = -A@Q-kPa Po= “o&&2.-kPa Po= —AL-kPa
No. Position Pressure kPa | Position Pressure kPa Position Préssure kPa
0.0
10
" 1.0
-
12
13 |
14 ]
15 1 s |
16 = T
17
18
19 2 o
20
21
22
23 v
24
25
26
27 (e
28
29
30
31 /4
32
" Note that
position no. (7) isthe entrance to the nozzle
position no. (11) is the location of the throat
position no. (27) is the end of the parallel section

2
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+ Results and discussions

Calculate the throat area afterdeducting-that

For different values of pressure ratio across the nozzle, p[ot:
(1) the pressure variation with the distance along the nozzle (absolute values)

(2) The mass flow rate with the pressure ratio.

Note: \the pressure ratio = bac s chest pressu

O{\O

PreAsure

2.8
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Losses In Pipes

x  Objeclives

1. To determine the variation of friction factor with Reynolds Number for a pipe.

. bl . - /_-—-_—_.—
2. To determine the loss coefficient for several fittings.

*  Theory

The e@oss'n internal flows (

\,\\S, (a) Eriction losseg due to the{shear tressjon the wall of the duct.
are often called the The ﬁﬁeg\lgf‘.;}occurs from ﬁction effects

is designated B

laminar or turbulent) is due to:
These losses

e (0) @which are the losses that the flow experiences at the pipe inlet
d by valves, bends, elbows, sudden

and exit in addition to the losses cause

and gradual contractions and expansions. The head loss occurs from each of
—

the above is (hm)and @ is designated for all minor losses.

Both losses, major and minor, are expressed in a head Ioss@ in the energy

equation as shown below

+Z. +h =-t+-—2+Z,+h @-—fb : !

hy = Turbine head

It is found convenient to express the head loss due to friction effects for internal

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

3.2
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(awano~ Pe = Rvo ko dd ~— e 7 YCOU

2800~ RS Mopo

£rewuibo nal
Gyor |ogAen
-‘__—_—_ -
Where -
@and @are the length and diameter of the pipe
@s the mean velocity of the fluid.
@s the friction factor (also called the Darcy friction factor)
Tiction Ja 2= ‘
e = infenet forcr
For\laminar ﬂowki.e Reynolds number,'Re‘< 2300) Viscous Foree
\ Nowy P
B e Dete =0 —=
e
i = Y% > ‘{//u

For(turbulent flow) the friction fa factor @E on[Reynolds numbe and the relatnve
____==__—'—_

,___’_’/'—“‘—“
¥ (roughness g/D) which is the ratio of the mean T height of roughness of the pipe to the

pipe diameer.
Experimental results of this dependence are presented in the relation known as the

“Colebrook equation”:

s
——=-2.0log( ] :f" [ € 5T ]
3.7 (Repf o
I @ 4258 q)

famous (Maady.chart].

This form was plotted iﬁto the

NI
g f N
|

iqur tapping upstream and downstream of a sudd
F|gure1E[f/§§}|Le pping up en

expansion.
/‘—'-
33
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In general it is not possible to use simple theory

fittings such as bends and valves. The loss for any particular fitting therefore has to

be determined by experiment. In order to avoid errors due to the disturbance in the

flow close to the fitting, the head loss is measured using pressure tapping placed
several pipe diameters upstream and downs@am. Considering a general case as
shown in Figure 1, in which the upstream and downstream pipe diameters are
tten as

to predict the head loss due to

different, the Bernoulli's equation can be wri

Where®is the total head loss between the pressure ta ing.
oL e ssure tappin

The total head loss has two components:

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

b- Minor head loss !hm \due to the

Re-writing Bernoulli's equation and noting that (hy —h2) is the measured head loss

@eoorded by the manometer, we have
__————'"
-t

V2o
h,,,:Ah{V' 2 ]—h,

34

Scanned with CamScanner



In order to obtain the Eead Iosg due to fitii'n_gs we therefore have to correct the
measured head loss for the change in velocity head and alsw

loss due to friction. If the upstream and downstream diaw
- "’.-_’— (-—_-—___-_
ther V4 = V2 hnd we have .

‘ hm=Ah—hf;

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

M,
V%/2g

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

Apparatus

The apparatus shown diagrammatically in Figure 2, consists of two se
components. Both

parate

hydraulic circuits each one containing a number of pipe system

circuits are supplied with water from the same hydraulic bench. The components

in each of the circuits are as follows

Dark Blue Circuit (DBC)

1. valve @ ' '

2. Standard Elbow Bend (C) (radius = 12.7 mm/

3. 90° Miter Bend (B)

4. Straight pipe length = 9144 mm
Small diameter = 13.6 mm - J
Large diameter= 26.2mm |y
Pipe materialis  copper
o005 mm)

Light Blue Circuit (LBC)

1. alve @

2. Sudden Expansion (E)
3. Sudden Contraction (F)
35
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4. 150 mm radius 80° bend (J) , Rid =111
5. 100 mm radius 80° bend (H) ,R/d=7.4
6. 60mmradius 80°bend (G) ,RMd=3.7

In all cases (except the gate and glebe valves) the pressure change across each
of the companents is measured by a pair of pressurized piezometer tubes. In the

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

containing mercury.

37
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* Procedure

(1)

Cﬁl@gthe globe valve K and open the gate valve D,

see Figufe_é.' ‘Switch 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.

(2)

(3)

(4)

ped air into the top of

Close the gate valve D and bleed all of the trap
___’__————"———__" .

the manometers tubes. Check that all the manometers show Zzero

pressure difference.

it ek L
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

(%)

(6)

7

(8)

)

forthelight blue-cirout
Open fully the bench supply valve. Then €
open fully the gate valve to obtain the maximum
N - ea— -

lose the globe valve and

flow rate throuéﬁ the

dark blue circuit.
ark Wive &9
If necessary, adjust the water levels in the manometers by pumping air

into, or releasing air from the bleed valves at the tops of the
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

weighing tank.
Measure the watertemperature by holding_a mercury thermometer in
the flow at exit-from the outlet hose.

(10) Close the gate valve(to igduce the differential manometer reading by

about 10% . Again read the manometer as in step (7).

(11) 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,a Readings from the[dark bliie circuit
i

No. m Time Ah=h¢ AU

W

e ]

e ]

| _

]
I,

e e
|

VU‘J Al W N —

|
|

Table 1,b Calculation of the fh:c,tjgn_fm; e (145 mw\g
g WwoO 1y [ = ﬁ/ - skt da

i v Flow type f

P

® e

No.| M Jmpn | =8ve

ka/s ke ...g'f: ___________'__,__Q;.D,Q_’QHS
=l g O8O
o-224 . | 1.5 m‘,gg;,jﬁ_:h__w:":_-—
| Bt

e
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Table 4 (THe& minor loss coefficient K

" Test No. Standard
Fitting type ;
1 2 3 4 b Average Value
R R DO UE bbb i o
Expansion
e e
Contraction
Bend J
Bend H
Bend G
Globe Value

+ Results and discussions

(1) Complete all of the attached tables

Number and, the

between the friction factor and Reynolds
———

(2) Plot the relationship
DBC only)

graph should also show the the’olgggair,eﬁg_[\,s_hips. (DB(
_."_————_, —_—
K -
(3) Does the loss coefficients vary with the flow rate? \//6/5
__e—i'-"— __/__——

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

3.12
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Hydrostatic Pressure Force on a Plané Surface

" cpro t—fcﬂ‘cs““")

*  Objectives
pressure on the rectangular face of

A To determine the position of the center of

-\ &~ the toroid. -

’ /Z; To compare the measured value with that predicted from the theoretical

?,#{mr:f Nkl
v

analysis.
aie

+ Jheory]

Figure 1 shows a plane surface incli
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
e e

force is found to be F=pgAycsinal E:J’& aY. Sk
_j______l: B
~ (- F‘bfc*( ,4‘1)‘)‘00

ned at an angle o to the free surface of the

where m s 2% d
A is the area of the surface (m?) - 5 it } R
is the density of the liquid (kg/m®) = :
is the gravitational acceleratic'n (m/s?) {—:(‘f(j JeSod )R :
yo is the coordinate of the centroid ~ (m) he=Y NAd~H 5‘("34,-?;%,1)\' Qs_l;_l(
ow tomgﬁ A res

The force ,F, may be taken as acting at the center of pressure CP. N

determine the position of the center of pressure we take moments about (:) After

angements and eliminations we can prove that the position of the cénter
arrang P pEilon.

some
of pressure is given by o 2
o= 90
Q D 2
A<= de W

Where kxc 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.

4.2
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Figure 1 A plane surface immersed in liquid.

waker hukie

PIVOT _FOH GOALANCE

i m\ __‘ RIDER

OALANCE ANM

FINE AQJUSTMENT

INTIAL LEVEL FOR
SETTING HOOX GAUGE

B —

Figure 2 The apparatus.

4.3
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+ Apparatus

The apparatus is shown in Figure 2. Atoroid is mounted on a balance and pivoted

~about the center of curvature of the toroid. Thus only the vertical face along GC of

- '_.—_-'"—'—__—_—_

the toroid has any moment about the balancing point. A rider weight balances the
weight of the toroid in the dry, so that the moment of the hydrostatic force on Cis
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, c,and d , see Figure 3.

‘2. Level the tank under the toroid and adjust the weight W, to level the balance

arm. Carefully, admit water to the tank until it just touches the bottom of the

————

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 M

and the depth of immersion h for each reading.

J

g\

Eorce

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

o 0= I

ooy e = - k {1 I ah’~hl: X,

JER
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‘Ixxc,’ (2
Ye = Wiy ad
«  Data collected v y ',\nwd o)
a=01m b=0.075m ¢=03m d=01m
. patlimmesion  pobyh o7 355
h ) M immersed | Theoretical | Experimental Mih*
(cm)x\© (9) Area (m?) yep(cm) yep(cm)
1.5
3
4.5
6
@& 7
i 9
o M
Total Immersion Ne
h M Theoretical Experimental i i
(cm) (g) Yep(cm) Yep(cm) ( "5)
10
' 11
HEL
12
13
14
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+ Results and cws

— Partial immersion (h <d)
(1) Denve an expression for the the or
the ‘surface and, for each level, compare [

pressure. (You may assume the force F tobet

(2) Derive the equation

e—lﬁll depth of the center of pressure (yep) bEIOW

it with the perime tal depth of center of
hat calculated from the formula).

é . a»x + b
Min "(L)h fb(“*:!:_.),

2
(3) Plot (M/h°) versus h and obtain the slope and the mtercept and comggitbgl_

values with those given in thwa_tlgn

R

M pb(a+b) pbh
= sptg—
h 2c 6¢

__y .TotalImmersion(h>d)
(1) Asin (1) above.
(2) Derive the equation

M —29‘1—+(h—d/2)[_’2’i(a+1/2(d))]
12¢ c

h — d/2) and obtain the intercept and the slope, and

(3) Plot (M) versus (
ven in the above equation.

compare their values with those gi

« Conclusions
1. How dothe experimental v values of the position of center of pressure cor rrespond

with the calculated theoretical values
How do the measured values of sl E and in

espond with theoretical values?

from physical dimensions? No
tercept obtained in 3 above

corr
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 experiment method? -?wﬁ ncle each Ofes
yancy effect of the submerged part of the toroid comment

4. You ignored the buo

on the imgﬁcations.

5. Would the location of the center of pressure change if a different fluid were used

in the tank? Explain.
o Frurs 46
£ wa didben —> praviwe will ddfe,
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Impact of A Water Jet

~*  Objectives

1. To dftt_armine the(force) produced by a water jet when it strikes a flat vane and a

ngispherical cup.
2. To @ the results measured with the theoretical values calculated from

tlle momentum flux in the jet.

*  Introduction
Over the years, engineers have found many ways to utilize the force that can be

irﬂ@rted by a jet of fluid on a erm_ce_diverting the flow. For example, the pelton
wheel has been used to make flour. Furth
cond stage of a steam turbine. Firemen make use of
the level of the nozzle to
r cutting

ermore, the impulse turbine is still used in

the first and sometimes the se
the kinetic energy stored in a jet to deliver water above

fires in high-rise buildings. Fluid jets are also used in industry fo
jets can be cited which

extinguish
metals and debarring. Many other applications of fluid
reveals their technological importance. '
This experiment aims at assessing the differen

jet on a variety of geometrically different plates.  The results obtained
pared with the ones inferred from theory through

t forces exerted by the same water

experimentally are to be cc@
utilizing the applicable versions of the Bernoulli and momentum equations.

——

«  Theory
For the general case shown ir@, the momentum flux in the jet is(m"uo where
" ks the mass flow rate an is the jet velacity just upstream of the vane. After

being deflected through an angle @ the momentum flux is m°uy cos P in the x-
—_ e -

direction.
The forge on the fluid is therefore

force F in the x-direction on the vane is therefore.
((F=mwo-uicosP)) o gueabl  GE S

AN

My xcos B-m'ug in the x-direction. Thus the

’/crﬂ% '},::.Q_ﬂ.ruo
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Figure 1 Flow of a jet over a curved vane. |

==y D

tl, H

te

i ical Cu
(a) Flat_Plate (b) He.mjspahemca p

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

5.3
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\ancbieh ¢
Now in the case of a flat plate, Figure 2a ,‘B = 90°] S0 cosp=0 and equation (1)

reduces to -
F=m'U : @)
For a hem@e;_ical cup, Figure 2b, ‘[i E"180°|‘“so @@andequation. & & RPN
reduces to ~ v
(3)

F=m'(u— ui)
Furthermore, if there is a negligible reduction of speed s0 tha Then
(4)

In the experiment it is not possible to measure directly the velocity just upstream of

| ' o can be experinenidl
the vane. However, the velocity @at the exit f te nozzle p . y
determined. The velocity@ is somewha than this due to declamation

—— Lo
caused by gravi and can be calculated from the Berngylli equation, that is
__,)LQ__LV ; ’éél_ﬁ-

ﬁ" o1 2 4 2 I U S —
& «ay—+z+£:@+zo+f& ,_,_’——’—(Br"l"'._
T 29 pg 29 pg

o = P (Zo=5 ]and this yields

which can be written as
(7

Now from figure 23,

(6)

the surface of the vane.

Where Qs the distance between the nozzle exit and

u gan be determined from the continuity equatioff_m = pUA

Where A is the cross-sectional area of the nozzle o aq

Hence u =—m-=—i"—1—
o pA  pmd

\Where d is the diameter of the nozze _
he vane due to the jet we take m
) e moment about the

In order to calculate the(force nt
3, and substitute known values into the

pivot of the weighing beam, Figure

equation we get.
F><0.1§_>=2:_5=0._E}_1_ngxAx

or E = 45 AX) (8)
which is considered the@%éerimentallva!ue @

5.4
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Fs T ; Fh;ﬂt
- i i

/ ,r——-@aj
0.1525

EiVOt point
- e——"——

e -

Figure 3 The balancing arm attached to the vane.

* Apparatus

Hydraulic Bench, Water Jet Apparatus, Stop Watch
The water is supplied to the jet apparatus in a closed loop by a pump. The flow rate
is determined with the use of a weighing tapk and a stopwatgh. The water issues

vertically upwards into the air, through a nozzle. Two objects are available: a flat
plate and a hemispherical cup. Each objecf can be mounted on a harizontal lever
above the water jet and receive its impact. The force on the object can be
determined with the use of weights that can be hung at different positions on the

lever, see Figure 4.

Technical Data

Mwm. (m = 0.610 @

Distance from center-line of vane to weigh-beam pivot = (0.1525 @
Diameter of nozzle, G, = 0.01_?1]_)

——
Height of vane above nozzle outlet, (s = 0.04 m_)
Diameter of hemispherical cup - (= 0.06 5/

9.5
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1
Adjusting

Rgtaining Screw
Jockey Weight |

Nut

1 A T ]

O

Cover Platel

. \Ta1]y

N jane

Nozzle —

mmmmlmmm-——JQWe1gh Beam|

1 ~Flat Plate
Vane

Drain Pipe

To Weighing |
Tank ]

Figure 4 The Apparatus. |
y 5.6
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* Procedure
(1) Stand the apparatus on the hydraulic bench, with the drain pipe immediately
above 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 cupis 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

below the beam. Screw in the retaining 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

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

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 force produced

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

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

tank.

(8) Fully open the supply valve and slid
record the reading on the scale corresponding to the groove

e the jockey weight along the beam until the

tally returns to the

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

weighing tank.

(8) Move the jockey weight inwards by 10 to 15 mm and reduce the flow rate until
the beamis épproximately level. Setthe beam to exactly the correct position (as
indicated by the tally) by moving the jockey weight, and record the scale reading.
Measure the flow rate.

(9) Repeat step 8 until you have about 6 sets of readings over the range flow. For
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 of water collected in the weighing

tank to 15 kg.

b.7
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(10) Switch off the bench pump and fit the hemispherical cup to the apparatus using

the method in steps 2 and 3. Repeat step 4 to check the datum setting.
(11) Repeat steps 5 to 9, but this time move the jockey in steps of about 25 mm and
take the last set of readings at about 20 mm.

(12) Switch off the bench pump and record the mas
diameter d of the nozzle, and the distance s of the vanes from the outlet of the

s m of the jockey weight, the -

nozzle.

_Datum Groove

Jockey Weight

]

B
3 cm
|

—1

" Beam

Figure 5 Jockey in datum position

Datum Grooves Tally

Figure 6 Tally in datum position
5.8
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4

£ 2 G wm

d= 0.0l m
<le
x Data collected and he2

¢ OQG: m
a m C) .
Results for || Semi

m ! Uo m°Uo F F Error -

f)

L
‘=

Mass of t Ax
water (s) | (mm) | (kals) (mis) | (mis)
m(kg) N
7.5
7.5

(N) Theo. | Exp.

7.5

7.5

75 ,
75

7.5

Results for hemispherical cup:
Mass of t Ax m’ u ug | 2m°uo F F
water (s) | (mm) | (kgls) (m/s) | (mis) | (N) Theo. | Exp.
m(kg)
7.5
7.5
7.5
75
75

TR

.-

‘ﬁ
Error

I

7.5 » i

59

Scanned with CamScanner



« Results and dtscuss:ons

(1) Plot @ agams( muo§ for the two vanes, and, for the dwo values of F, )ihe

_ggr,e_tlgal and the expe.umental comment on their linearity.
what reason might

(2) If the lines on your graph do not pass through the ongln, »

there be for this? —4> m=F O
(3) Why is the force on the hemispherical cap somewhat

ﬂatplate? ’Q> w el & in ;‘lak

less than twice that on the
—_—

«+ Conclusions-
(1) How well do your
(2) What accuracy have you achieved in me

(calculated from the dlsglacement)’7 F‘ow et "1 WW‘W}«
¢ LeatV—b ra',wf‘" lorgec

results compare with the theo ry?

asuring the force on each of the vanes
___ﬁ-——— N = ——

Hme o
Yoo | R
bank
I.
M Y epWace

F5.10
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Thermal Conductivity

— = —0bjectives

To determine;
1. The thermal conductivity of a good conductor.

2. Rate of heat transfer.

* Theory

When a temperatu
region to low-temperature region take

re gradient exists in a solid body, an energy transfer from high-
temperature s place. In this case it is said

that the energy is transferred by conduction and that the heat transfer rate per unit
area is proportional to theltemperature gradient]

ope BT T K
A 2L
g™
where .
~4
Q° = The heat transfer rate (W) _a (asz®
A = The cross-sectional area (m?) = % D= :ZI_— ¥ 265

q dT/dx = The temperaturegradient
¢ @ = The thermal conductivity of the material, (W/mK)

“” of each specimen, both Q and ™
X

To determine the thermal conductivity
is the_rate of heat transferred to the

In this experiment Q

are to be evaluated.

cooling water and is given by
£

A= 671 X\.OF m

i Q. = m.C (Taut = Tm) ’
~-b

where
m" = The mass flow rate of water (kgls) = Vol = 61X X \0_?_0_
2§(9)

C = Specific heat for water

Q.w (kJkg °C) )

6.2
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()
T,, = Water Inlet temperature (°C) = 13 C

Tout = Water exit temperature (°C) = 27 ¢

The temperature gradient within the specimen can be approximated to be linear

between the two thermocouple positions and Is given by

dar_5-1,
dx L
T weker
where ,_.\‘
\
T4 = The thermocouple temperature (hot end) (°C) .[1]
%
®= The thermacouple temperature (cold end) (°C) T cddo

L = The distance between the two thermocouples (m)

es for tﬁéﬁ}i@ﬁ&f the specimens provided are:.

The text book valu
Aluminum 210 W/mK
Copper 385 W/mK Heoviticatly
Mild Steel 42 WimK :
Stainless steel 30 W/mK

However, the actual values will vary slightly from the textbook values as any

variation in material composition will affect this.

+ Apparatus
The apparatus, Figure 1, consist

electrically heated source, calor

negligible loss of heat and constant head coo
he steel cabinet base and two mercury and

s of a self clamping specimen stack assembly with

e
RS

imeter base, Dewar vessel enclosure to ensure
ling water supply tank. A multipoint

thermocouple switch is mounted on t
mometers are provided for water inlet and outlet temperature readings.

glass ther
Four NiCr/NiAl trle_rmggo’ugf_@ are fitted and connections are provided for a suitable
palaiio

potentiometer instrument to give accurate metal temperature readings.

6.3
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Figure 1 Thermal conductivity apparatus.

Four metal specimens are provided. Two holes are provided in each
specimen for insertion of the thermocouples. A sketch of the specimen is shown in

Figure 2.
|
T Ts T Ty
(F Q Q © :{]
L&.s 25 6.5—l L 7 50 7—I
N Al SpLlman Aoy Spedieen
Stainless Steel or Mild Steel Copper or Aluminum
.’.\—fﬂ'—m ——~
All dimensidns i
i Figure 2 A sketch of the speciman.
\ow 6.4
(o e 9h
watenal Wi
maden' g
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*  Procedure
(1) The apparatus is _eaf_s\ﬂijed with one short specimen (mild steel or stainless
steel, i.e. @ conductivity material) in lower position, and one long specimen
(copper or aluminum, I.e. high conductivity material) in upper position.

After selecting specimens to be used inthe experiment, engure that they are
y at the ends where contact is to be made.

completely free from dirt especiall
Apply a light smear of Silicone Grease at the ends of the specimens before

assembly to ensure good thermal contact.
(2) Operate the clamp by moving the protruding lever positioned on the front of the

apparatus to a downward position and place specimens between heating

element and clamp. Ensure that the holes for the thermocouples are

accessible. Release the lever, thereby clamping specimens in position. Insert

thermocouples into holes. provided. ) R

(3) Ensure that the thermostat adjustment control which is situated on the front of

heating element is turned fully clockwise. This sets the cutout temperature to

approximately 210 °C. The normal maximum working temperature is 200°C.

(4) Place the Dewar vessel in position over specimens.
(5) Fit the thermometers into the special leak proof connections provided on top of

calorimeter base.

a) Connect water pipes from water supply to
on apparatus, and header tank overflow to drain.

b) Turn on water supply. Adjust flow rate through the apparatus by means of
the inlet flow valve positioned at inlet pipe. Note that the actual flow rate is

header tank, header tank to inlet

a temperature_difference of about 8°C should be

not critical, however .

sought.
(6) Connect the potentiometer instrument to the two terminals provided on the front

of the gpparatus. _
(7) Connect the control box to the socket on the right hand side of the conductivity

apparatus, and connect the control box toa single phase AC mains . Check

that the supply voltage is correct.
(8) Switch on the electrical supply and check that indicating lights on both control

box and calorimeter base are operative.

6.5
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the heat flow must reach a

(9) Before readings can be obtained from the apparatus,
ys as follows

steady state condition. This can be done in either of two wa

a) Set current input to a maximum, this being about 0.55 amps. Maintain this

°C is obtained from the thermocouple nearest the

until a temperature of 200
20 minutes. Reduce the current to 0.3 amps

element (T4). This wil take 15
until the temperatures have become steady. This will take 20-25 minutes.

b) Set current to 0.3 amps. Leave for a period of approximately 2 hours.

Note : In both of the above methods the water must be flowing continuously.

x Data collected

Test Material:

Current: —
Water flow rate:

Time to reach steady state:

Total time for test:

Temperature readings obtained'

Test No. Time T1(°C) T2(°C) Ta(°C) Ta(°C)

Total

Average

\ w
S‘V(‘"S\;QA oy \O’“/

{
"
‘ \/\‘(*‘ Results and discussions

(1) Draw the temperature vs the length for the speci

(2) Determine the thermal conductivities for the specimens used in the experiment.

; T mens used in the experiment.

6.6
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Heat Pump and Air Cooler

Objectives rﬁtﬁ%lﬁ

*

The objectives of this experiment are
1. To determine the coefficient of erformance of a heat pump.

2. To determine the coefficient of performance (COP) of an air cooler

+ [ntroduction
comprise the same cycle component, see
tween them. Inan air cooler, or a

An air coaler and a heat pump essentially
Figure 1. ltis their pbjectives that differentiate be

refrigerator, the heat extracted from the air, Q'L (absor
However, the heat rejected to the

bed by the refrigerant in the

evaporator) is the required cooling effect.

circulating water in the condenser, Q'n, although necessary, is not the objective.

On the other hand, the heat pump utilizes the heat absorbed from a low-

e to maintain a heated space ata higher temperature, thus Q'nis

temperature sourc
The theoretical model with which such a device is

the required heating effect.

compared in order to evaluate its performance is the reversible simple refrigeration

cycle shown in Figure (1). Such a cycle takes in heat isothermally from a resenvoir
at temperature To and rejects heat isothermally to another reservoir at temperature

Tu. The intervening processes are adiabatic reversible expansion and compression

processes. The goefficient of performance of the machine when operating as a
Heat pump, is defined as: . -
- "'—""‘J—"‘"‘"p (or&ﬂﬂ""‘\"u}

@ o —— = Ty
CDP o B‘ z?\,\_,-:: Qu=071 Prines of- ﬁ#w C.OM‘O)’!M o~ o
pury - - T
W= 'L
And when operating as arww is
@@y - 9Nl _ T

coP =P aw=an

wonrk 4- (Onr)y‘MOf\ ']:H -

7.2
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Thesa equations apply also lo a ronl machine which

temperature limits,  However, tho numerleal
corresponding to tho ideal reveralble englne.

I n;mmtlrig hetwean tha samMs

values will be less than those
For an ldeal reversibla engine the

heat transfer ratlo Q7/Q% can bo replacad by the ratlo of the absolute tempoerature

of the two reservolis as follows

Thus for a reversible refrigeration cycle, the COP s

-
Tu"TL

And for a reversible heat pump the COPIs

P

Note that in all cases, S pUEpEY s

Qutdoor coil
N ’
! ! lndooigo«l
! !
[ Fun THL
b Fun db!11 COOLING
T
=
Y
Compressor Expansion
valve

a. An@r cycle

From

Outdoor coil

mox. COf s
am e (7”113;\93 f‘rﬂm

e (’aolhr/mmp

L
TH "'TL_

T ~b UK. Ccop thad™ aan e obkained

t e Nead— Putingp

Reversing val i
e — 4

Expansion
valve

. g ﬁ? Indoor coil

3 1 v
A : HEATING

Compres;_b

b. A @ycle

Figure 1 Asimple refrigeration cycle.
7.3
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Apparatus
The apparatus consists of units, the air conditioner and the _control

console. The two units are connected, by electrical cables, thermocouple wires and

nylon water pipes. They are completely detachable formability and flexibility of

installation, see Figure 2.

The air conditioner is completely self containe
sealed refrigeration system driven by a 1.1 kW
exchanger, a refrigerant-to-air heat exchanger, rever

d and consists of a hermetically
motor, a refrigerant-to-water heat
sing valve, fan and motor,

condensate collector and electrical controls.

The air to be conditioned enters by way 0
gal fan which is driven by @ motor immersed

duct of circular cross-section carrying

being cooled, and the relative

f the finned, refrigerant-to-air heat

exchanger, passes through the centrifu
in the air flow. The airis then discharged to a

a pitot tube and a thermocouple. When the air is
humidity is high enough, moisture is deposited on the heat exchanger and drained

off to a measuring vessel.

The control console carries all the electrical swi
It also carries a flowmeter for

tches and fuses, 2 wattmeter

and a multi point digital temperature indicator.
measurement of the quantity of water passing through the conditioner, an inclined

manometer for use with the pitot-static tube for air
containing a 2 kW immersion heater. The latter is sometimes necessary when the
pump extracting heat from the circulating water

to the conditioner falls below about

flow measurement and a vessel

conditioner is operating as 2 heat
since, if the temperature of the water on entry
10°C, there is a likelihood of freezing taking place.

The following instruments are provided:

a) Wattmeter for measurement of electrical power input to refrigerator compressor

and to the fan.
b) Multipoint digital temperature indicator.
c¢) Whirling psychrometer for measurement of relative humidity of air entering and
leaving the conditioner.
d) Pitot-static tube and inclined manometer for measurement of air flow.
e) Cooling water flowmeter.
f) Graduated collecting vessel for cgndensate.

a) Thermocouples for temperature measurement

74
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Figure 2 The Apparatus.

7.5
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(e

Technical Data
Versatemp high level air conditioner type VH250

T —Maximum power.consumption, air conditioner 15 KW
phipimwen
Power consumption, immersion heater 2 KW
Maximum cooling water flow il 6 Umin
a # Nominal air flow rate ‘g m’/min.
™) ':'J'-)ad'p Nominal 4 ind C i - : |
- ominal heating/cooling capacity 1.8 to 35 KW

In the calculations that follow the International System of Units (S.1.) has

been used.

x Procedure

(1) Before_starting theﬁmachine ensure that the cooling water is turned on and

regulated to give 2 flow of about 4 1/min. If the temperature of the cooling water

entering the apparatus is less than 10°C and the machine is to operate as a

heat pump, the water must also be switched on to ensure that freezing does not

take place in the refrigerant—to-water heat exchanger.

(2) Select cooling or heating as desired and switch on the compressor and fan. It

takes between thirty minutes and one hour for temperature conditions in the

apparatus to stabilise. It is suggested that a set of readings should be taken

every ten minutes and continued until two successive readings show a change

in air and water temperature of not more than 0.3°C.

(3) The wattmeter shows the total electrical input to both the fan and the
refrigerator compressor. The input to the fan alone may be measured by
momentarily switching off the fan to measure the power to the compressor
motor, then subtracting this reading from the reading for both the fan and the
compressor.

(4) The relative humidity of the air entering the conditioner should be measured by
means of the sling hygrometer provided. Ensure that the reservoir in the
hygrometer is filled with water and that it s whirled for a sufficiently long period
(about thirty seconds) to give steady readings.

The relative humidity can be then used to find the humidity ratio o, with the
help of the phsychrometric chart or the relative humidity table, given at the end

of the experiment.
76
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When operating as a heater there will be no moisture deposited in the

conditioner, since the relative humidity falls as the air passes through the

machine. When operating as a cooler there may or may not be deposition of

moisture depending on the relative humidity of the air entering the machine. It

may take a considerable time, as much as two to t

of condensate to reach a stable value an

W

advance of the laboratory period.

condensate flow rate and the

hree hours, for the rate of flow

d, for this reason, it may be desirable

hen a cooling test is to be made to start up the apparatus several hours in

There is some intrinsic variation in

measuring period should be as long as possible.

(5) Record the following temperatures

T; Airatinlet
T, Airatdischarge
T, Circulating water at inlet
T, Circulating water at discharge
Heat Pump Cooler

Ts Compressor: Discharge Inlet.
Te¢ Compressor: Inlet . Discharge
T7 Refrigerant—to-water heat

exchanger: Discharge Inlet
Ts Refrigerant-to-water heat

exchanger: Inlet Discharge
To Refrigerant-to-air heat exchanger: Inlet Discharge

. Discharge Inlet

T1o Refrigerant-to-air heat exchanger:

(6) The air flow is

measured by means of a Pitot tube mounted in the center of the

discharge duct. The pressure of air at this point is effectively equal to that of

the atmosphere, Po.
tube, the mass rate of flow is given by: p—

\/\w}‘rﬁ )y s

If Hymm HO is the velocity head measured by the Pitot

b an) £, =0.00105 iio?  Kgls
o i
Py isin Pa and Tz isinK
7.7
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The Air Cooler

The machine arrangeméﬁﬁtﬁéﬁ76})é?;ﬂn_g_é’s'a‘n air coo
in Figure 3. The steady state steady flow (SSSF) equation for the system may be

derived from the energy flow diagram Figure 4, as
‘! Q.H a WIC - W.F = Q.L
Where

Q' and Q" can be found from the energy balance fo
evaporator which is cooling

ler is shown schematically

r both the condenser

(using circulating water) and the

the air, thus o

[Q= mw(he = he)
And W Y
T —— . —p ™0 condin
m a(hz =) +m a(Wzhyz —Wihyt) =M /hc ,"-LM

Where va}r’
m's = Mass flow rate of dry air (kg/s)
m°w = Mass flow rate of cooling water in the condenser (kg/s)

m°c = Mass flow rate of condensate water from the air stream (kg/s)

= Enthalpy of dry air at inlet and exit conditions (kJ/kg)

hy and hz

wi and wz = Humidity ratios of air at air inlet and exit condition (kg/kg of dry
) air) |

hy and he2 = Enthalpy of water vapor carried by the air at inlet and exit hgz

conditions (kJ/kg). They are taken as

hvi = hg1 and hyz = hgz
he = Enthalpy of condensate = hp (kJ/kg)
W', = Electrical input to the compressor (kW)

W' = Electrical input to the compressor (kW)

The coefﬁgi_ent_ of performance is then defined as:

7.8

Scanned with CamScanner



o = .__Git_.
Qw-Q'L \A/

o .
This may be compared with anl idea|)performance based_ upon the temperature

difference across the refrigerator circuit

ORI = dead

.Ta"_Tﬂ‘)

p

In a real machine such as the present one the coefficient of performang

/of the ideal for a number of reasons, of which the mostimportant are:.

a) Electrical and mechanical losses in the motors of both the fan and the
COMpressor.

b) Tﬂeirn_‘_P‘e’rf_e_zgﬁQD (irreversibility) of the refrigeration cycle itself.

¢) The necessity for temperature differences between refrigerant and_air, and

between refrigerant and water. As a result of which the refrigerant cycle
il

operates between substantially wider temperature limits than those applicable to

the water and air forming the source and sink.

d) Electrical and mechanical losses the in circulating fan.

r.9

Scanned with CamScanner



|
[

f

.._o__oo’o..h_m ue 1o} weibeip mold ¢ ainbid

| -
_
| I
| = —_—
| UILIALLYM T
| i NI @3lvm 1000~ Il
# 10O, UI LV WY
| —_

¥ILINMON o

L L
- _ - .

8)

- . ! NI
= W =
’ z o .IIH.—.

b= | " ""yoLvyodVAT

N2 LINONYA. GSNMON

"7.10

Scanned with CamScanner



O)

Water out We. W'e.

r*~—_*~“*aﬁ“~ﬂ
|0y
Compressor ‘.
@ EVAPORI’ATOR , |
CONDENSER <— Air mi

Expansion

60

1

valve

Waterin ' Air out :

© ©

Figure 4 Energy flow diagram for an air-cooler.
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Data collected

The experimental temperatures

Location Temp (°C)
Airin T1 T — =
Air out T2
Water inlet Ts
Water outlet Ta
Compressor inlet Ts
Compressor outlet Ts
Heat Ex. Water (comp. End) Tz
Heat Ex. Water (valve end) Ta
R ——
Heat Ex. Air (comp.End) Te
Heat Ex. Air (valve End) To
P . ——
e
Inlet dry bulb temp. Tigo
. I
Inlet wet bulb temp. Tiwb
Exit dry bulb temp, - Ten
Exit wet bulb temp. Tews
Condensate temp. Te
i
Manometer reading H = - mm H0 |
Condensate rate Q' = - mifmin -
" gy e Compressor power W' = ——— e KW E
- <._Tota| electric power Wt = kw |
B ban |
Mass Flow Rates
Dry air My = —-———-Jgls 5
Condensate at discharge Mg = =" kals [
Circulating water M’y = -mesmemte==n=- KAUS |
Cop = Qy :
weod™ W Con 7.12 5 0 Y atls |
P Gv chort !
CK < |
o os "7 |
\ Cc’mpr‘”‘
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Enthalpys

Dry air entering conditioner iy --_”—--—“_--ﬁ:‘_—j-‘.-k‘]/kg ——
Water vapour entering conditioner = —-~-—----""“""""ijjtg

Dry air leaving conditioner 2= ____-__---——--::lekZ

Water vapour leaving conditioner g = :_____ kJ/kg
.Condensate o™ ”-“:-:—__- kJ/kg
Circulating water at inlet :1: : :-_-_ ______________ — kJ/kg

Circulating water at outlet

Results and discussions

it wi i ical value.
Calculate the COP for the Air Cooler and compare it with the ideal theoretica

713
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The Heat Pump

* Theory
The machine arrangement when operating as an air cooler is shown schematically —

in Figure 5. The steady state steady flow (SSSF) equation for the system , see

Figure 6 is the same as for the air cooler and may be written as:

t Q'y-We-We=QL )

Where Q" and Q" can be found from the energy balance for both the condenser

using circulating air, and the evaporator which is cooling the water, thus

(@) e hy = hi) + s W(he = ft) and

QL= my(h = he) —p talius g i
Where - '
m", = Mass flow rate of dry air (kg/s).
m* = Mass flow rate of cooling water in the condenser (kg/s).
ry air at inlet and exit conditions (kJ/kg)
(kg/kg of dry air)
tinlet condition

hy and h2 =Enthalpies of d
_\V/- W = Humidity ratio.of air at air inlet and exit conditions
hy and hye = Enthalpies of water vapor carried by the air a

S mc
P VSZ/‘:‘ (=hgs), and at exit condition (=hg2) kJ/kg
. W', = Electrical input to the compressor (kW)
W' = Electrical input to the compressor (kW)

VL The coefficient of performance is then defined as:
ﬁ’ - __EL = ___Q_'E———
Q%n - Q"L W' + W’
y be compared with an ideal performance based upon the temperature

This ma
difference across the refrigerator circuit

(COP o ==
9‘( 2 HP)ﬂlal ]'10 __-T§|

7.14
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Water out

@

Q"L
EVAPORATOR

valve,’

Expansion

Figure 6 Energy flow diagram for a heat pump
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e such as the present one the coefficient of performance falls short

are.

In a real machin
of the ideal for a number of reasons, of which the most important

——————a)-Electrical-and mechanical losses in the motors of both the fan and the

compressor.
b) The imperfection (
c) The necessity for temperature differences b

between refrigerant and water, as a result of wi
mits than t

irreversibility) of the refrigeration cycle itself.
ctween refrigerant and air, and

hich the refrigerant cycle operétes

between substantially wider temperature |i hose applicable to the water

ad air forming the source and sink.

d) Electrical and mechanical losses in the circulating fan.

717
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Data collected

The experimental temperatures

~~—— Location Temp (°C)_~_W
Air in Ty
Air out T2 e |
Water inlet Ta -
Water outlet Ta —
Compressor inlet Te
Compressor outlet T |
Heat Ex. Water (comp. End) Tz
Heat Ex. Water (valve end) To _
Heat Ex. Air (comp.End) — T»
Heat Ex. Air (valve End) | T1o |
Inlet dry bulb temp. _’—‘—/ﬁd_bﬁdﬂﬂ—_—,—‘_j
Inlet wet bulb temp. ——_——ﬂr—’— ’
Exit dry bulb temp, —"_—_T:;_‘_—_—
Exit wet bulb temp. Tewo
Condensate temp. Te
Manometer reading H = mm H0
Compressor power W' = kW
Total electric power W' = kW
Mass Flow Rates
Dry air m', = ———---——-—Kkg/s
Condensate at discharge Mg = === kgls
Circulating water My = === kg/s

718
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Enthalpies

Dry air entering conditioner hy = --—-kJikg
e \Water vapour entering conditioner i =- kJ/kg
Dry air leaving conditiner hy = - kd/kg
Water vapour leaving conditoner hy = - -—-----kJ/kg
Circulating water at inlet h = E—— ]| (¢
Circulating water at outlet . hg = - kJ/kg
*+ Results

Calculate the COP for the Heat Pump and compare it with the ideal theoretical

value.

749
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University of Jordan
Faculty of Engineering & Technology
Mechanical Engineering Dept.

Thermal and Fluid Sciences Lab. ..

Dr. Adnan Jaradat

Experiment 8: Comparison of Pumps Characteristics

Report Full Short
8 )
Student Name: I

Student No. -
- y,
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Comparison of PUumps Characteristics
+  Objeclives

1. To establish a set of pump characteristics, at constant and variable speeds, for

the following pumps :
a) Positive (single cylinder double acting pump) displacement reciprocating
pump.
b) Centrifugal pump (horizontal)
2. To compare the performance characteristics of each pump under identical

speed conditions.
*  Theory

The Erimaﬂ functionjof pumps is not only trw@gjﬂ@ﬁ, but to add energy
Different types of pumps are designed to process fluids

to the transported fluids.

under variable engineering conditions.
1. Calculation of pﬁ‘rfh'b‘t:haracte'ris'ﬁc p@;
a) (Water power = Q'hy10° l(kW) , also called the pump power
Where s
, AP abintp
p = Density of water (kg/m°). =00S
g = Acceleration due to gravity (m/s®).=9 &
. . 3 — W\
Q" = Volumetric flow rate (m°/s). \f"—-—D )
hp = Head gain in meter of water (the pump head).
pressure difference AP, through the pump, the pump head is

In terms of

\'\lua
?"\\“? given by:

ihp arigptos)  DP ={debiveny presture = Suckion PMM}
Where ‘ Py P

P 4P = Davery pressure (B —suelon pressure (29, 221

Where

<

Y

s

= Motor speed (rev/s).
pistalln taoac
E.=Brake-oad«{N) = Spr@w.
R = Torque arm radius (m)=015m.
; —

. Water power =
c) | Overall efficienc =
) PENRTRIEIENSY 1™ "Brake power ZA

8.2
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m = (000 K9 | m
J
) (Velumstric efiiciency 1= measured volumetric flow rate 0 = Q ‘V‘M sured
' —  Calculated volumetric flow rate Q. @ca;low(od'td

e) The calculated volumetric flow rate_Qyis obtained as follows:-

a. For Positive displacement ’recigrocating pump:-

For single acting pump

Q =Alo (m’s)

For a.double acting pump

———
Q =2ALo (m%/s)

Where

( Api= Total cross sectional area of cylinder (mz)i: 15.55 x 10°* m2\

Stroke of piston (M) M" —

@ Pump speed (rev/s)

motor speed
For the present arrangement |@ = _———sﬂ———

b. For centrifugal pump:-

g =20 o () d—

For the present arrangement lm=2(motor speed))

« Apparatus

The water circuit incorporates a
flow, and bottom release valve mounted above the reservoir. In addition the

necessary pipe work and valve are provided. The‘drivinﬁ motor|is aD.C. machine

}\ X

WC)L;'V («)’Y coupled to a spring gynamoieier, Fl@e 1, The system@in__stlmmje,d for the
measurement of speed, torque, flow rate and the necessary pressures. The
Universal Pump Test Bed comprises three pumps.

reservoir, a,vo|umétric measuring tank with over

a. Positive displacement reciprocating Pump.
————
A reciprocating pump driven by a motor (power pump), where the pump piston
or plunger is connected to a crank-shaft that is geared to counter-shaft and |
connected to the driving motor by toothed belt. The operation of power driven
reciprocating pump is such that the outward stroke of plunger creates a suction

behind it enabling the liquid to flow into the cylinder through the suction valve.

8.3 )
ot cat
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Figure 1 The Apparatus.
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On the reverse stroke the liquid is forced to flow out of dischargs vaive.
This is a Stuart Turner single cylinder double acting pump having 2 nominal
output of 0.45 liters/s at a head of 53 metmg at the maximum
speed of 4 rev/s. Bore and stroke are 44.5 and 41.3mm respectively.

The Reciprocating pump is connected to the D.C. motor using @ toothed belt an

pulley giving a motor/pump speed ratio of 6to 1.
b. Centrifujal Pump.

This is d horizonta centrifugal pum

a head of 1.06 meters when running at 1

motor by toothed belt and pulleys gives a moto

ich has a nominal output of 0.75 liters/s at
2.5 rev/sec. Connection to the D.C.

r/pump speed ratio of 1to 2.

c. Gear Pump.
This is an inviolute . gear type with a nomjnal output of 0.2 liters/sec when
s connected to the D.C. dynamometer by a toothed belt

r/pump speed ratio of 3 to 1.

running at 5 rev/sec. Iti

drive and pulley system giving a moto

Pressure angle 20° No. of teeth 12

tch 0.236 teeth/mm Face width 41.3 mm
Clearance 0.7 mm

Diametrical pi
Root diameter 415 mm

Note: This pump is not working in the present set-up.

Procedure

Starting
1. Fully o
isolate any other pumps in the sys

pen thé suction and delivery valves of the pump to be tested and

tem by closing their corresponding

valves.
2. Open the pressure gau
3. Position the motor variable spee

ge valves for the pump to be tested.
d control on the control at zero volts.

(fully anti-clockwise).

4. Switch on the power supply to the unit .
5. With the motor torque arm in the horizontal position adjust the spring

dynamometer 10 give a zero reading. The unit is now ready to run tests.

Precaution
Do not run the motor for periods of more t
amps which is the maximum permitted current for continuous running.

hani0 minutes at an armature current of 5

8.5
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Stoppin

1. Return the motor variable speed control to the zero position. (fully anti-

clockwise)

2. Close the pump inlet valve (s). When using the centrifugal pump first

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

primed.

Constant speed test

1. Positive displacement reciprocating Pump

a

O 0o o a

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

running at the operation speed selected.
Adjust the delivery pressure to the maximum value.
Record the brake load.

Record the shaft speed.
Measure the water flow rate by recordmg the time taken to collect a

measured volume of water.

Read suction and delivery pressures. Repeat this procedure for lower

values of delivery pressure.

2. Centrifugal pump:-

0

O 0o o o o

Bring the pump gradually up to the selected operating speed and

open inlet and outlet valves to allow maximum delivery.

Note suction and delivery pressures.

Note brake load.

Note pump speed.

Note flow rate.

Repeat for increments of delivery pressure closing the delivery valve

in several steps.

8.6
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Variable speed tests
1. Positive displacement reciprocating pump

O Bring the pump gradually to maximum speed and de
ake load, pump speed and

livery pressure.

0 Note delivery pressure, suction pressure, br

volumetric flow rate.
O Repeat this procedure for lower values of pump speed.

O For each pump speed selected, maintain a constant pressure rise by

adjusting the delivery valve.

8.7
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Data collected

* (Centrifugal Pump:

Table 1 Data for the centrifugal pump

@ = 15@ current .cccesevecese (A) .
Ps P4 Spring load Mass of water —-’ﬁe—’——?
(bar (bar) (k) (ka) ' (s)
0 04 7]
0 —|—— 0.5 5
0 0.6 5
0 0.7 5
0 0.8 5
Fora constagPd =04 (I;Fy Current ...coeeeereen (A)
Ps w Spring load Mass of water Time
(bar) (revis) (kg) (kg) (s)
0 10 5
0 12 5
0 15 5
0 17 5
0 20 5
.
8.8

Scanned with CamScanner




* Reciprocating Pump

Sl ing pum
Table 2 Data for the @ P

* w=15rev.sec.

Ps Pa Spring load | Mass of water Time Current
(bar) | (bav) (ka) (ka) (s) (A)

0 0.5 5

0 1.0 5

0 20 3

0 3.0 5 »

0 4.0 5

* Pg=1.5 (bar) current ...oceeennes (A)

w Ps Spring load | Mass of water Time | Current
(revis) (bar) (k@) (ka) (s) (A)

10 0 5

12 0 5

14 0 5

16 0 5

18 0 5

20 0

8.9
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Results and discussions Tt s poas
Constant spood tests P
1. For both pumps

On the same figurs, but using difforent scalos, show the relationship

between water power, brake power, overall efficlancy and @_@gﬂfg

efficlency with output Er_?,!*‘aﬁll[ﬂ—‘

——

2. For the centrifugal pump
On the same figure, but using different scales, show the relationship of pump

head, water power, overall efficlency with volumetrlc flow rate.

3. Comment on the most suitable applications for these two types of pumps and on

their limitations.

Variable speed tests
For the positive displacement pump only, and on the same figure, show the

relationship between brake power, input torque and volumetric flow rate with pump

speeds .
o pN B hp
n
.PW
@ REU * —
N Chow.
/___/
bake povwen -1 _—
7/‘%’“ pls B12 P
P rp
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Experimem 9: Flow Visualization
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Flow Visualization

Objectives

To make the student familiar with the flow pattems and to see the stream lines when

different shapes of objects are inserted in the flow path.

Apparafus

a - Flow Visualization equment

The flow visualization equipment is powered by a synchronous A.C. motor

driving a centrifugal blower, which produces a maximum wind speed of about————

12 m/s in the test section, A particularly uniform low-turbulence flow is achieved
by the use of 3 gauze screens, a smallcell honeycomb and a 9:1 light hill -
contraction. The test section is eﬁedwely 2-dimensional, being 25.4 mm wide,
254 mm deep and 267 ‘mm long. A viewing area of 267 mm X 229 mm is
illuminated by an m'tegral strip light and fitted with a window incorpdrating the
model attachment and mzans of rotation. Provision is made for the fitting of a

smoke generator.

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, from a highly visible “smoke™ with contrast characteristics

particularly suitable for photogiaphy.

Oil is gravity-fed from an oil reservoir to a ﬁyrex vapoiizing tube Incorporating
an electrical heater. The vapor, enfrained in an air stream provided by a twin
diaphragm pump, is then passed to a flexible smoke reservoir which serves to
smooth the flow and damp out variations in density. (It also facilitates clearance
of condensed oil from the outlet tubes). Fine control over the generation of
smoke Is provided by a valve adjacent to the vaporizing tube. The contents of
the smoke reservoir are discharged through on outlet pipe to the smoke 'rake
provided with the equipment. A throtlle clamp enables smoke circuit oscillations

to bé damped out.

9.2
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