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Abstract
ain the vapor liquid equilibrium data for Hexane and

The main purpose of this experiment was to obt
coefficient of the two components.

Toluene to generate a Ty diagram and calculate the activity
Van Laar model and Two-

Activity coefficient was calculated by three models: modified Raoult’s law,
e with the

suffix margules model, and the data was scattered. A theoretical models were used to compar

)
ts

/
Ps

values of activity coefficients that obtained by experimental data. The consistency of data test indicates

poor consistency of data with thermodynamics.

Sample of main results: The composition of hexane in liquid mixture X hexane (Vol%)=0.73 andi

composition in vapor Y hexane (vol%)=0.83.
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Results

f'\t T % % .‘ F
xv-diagram of Hexane and Toluene systerm.

Ta < fi
ble 1: final result of data collected from experiment.

densit | = 8
[ Tempe [ of n-| density
runs |rature(® hexan Vof‘ .
) e | toluene |
/| (kg/m | (kg/m3)
3) R )
1 56.3 | 659 - - l ______—-1 _.._-(L——
2 | 615 | 639 | 82842 1397 | 083 B0 .20
3 | 654 | 659 | 82566 1409 07 0570 A0
4 69.4 | 659 821.15 1.41 0.72 0.28 ‘0.67 0.33 1.46 _-Oi%_ 0.68 0.27 0.73
'-5" 72.7 | 639 g18.12| 14 0.81 0.19 0.77 0.23 1.43 __(1_5_2__ 0.48 0.47 0.53__
6 | 76.7 659 814.43 1.422 | 0.62 0.38 ‘0;57 0.43 1.46 | 0.31 0.69 0.27 0.73
7 83 659 808.64 1.436 | 0.51 0.49 - 0.46 0.54 1.47 | 0.19 0.81 _0.16 0.84
V‘——-'_'_—_—_"’_—’_ -
8 87.53 659 804.47 1.462 | 0.29 0.71 0.25 0.75 1.48 | 0.16 0.84 | 0.13 0.87
9 95.6 659 797.04 1.475 0.18 0.82 0.15 0.85 1.49 | 0.06 0.94 0.05 0.95
10 106 - 785.74 - 0 1 0 1 - 1 0 0 12
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| ln V1 & In y2(Modified Rault's law)

c.é

XHexane

exane) and In y2 (toluene) with hexane composition that calculated from Rault’s Law .

Inyl & Iny2 (Van laar)

—
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Figure 4:Lnyl (hexane) and In y2 (toluene) with hexane composition that calculated from Two-Suffix
margules model .
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Figure 5: The consistency of data using integral form of Gibbs-Duhem equation states.
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Discussion

TXY diagram

s been drawn according to
and toluene, show Figure 1:
ne-Toluene system, X-

To represent TN, o
exl)er}ime::&tl tgc(lau\lll‘jlli(l)llulxi? l;l(:,cgumbriu,m, Txv.-d jagram that ha
TXY-diagram, repre SRS non-ideal mixture of hexane
axis represen,t Copr;(if;;}tibub?le and Dew'curvesgf Hexa e in g
system shows a positive d .'0_11 o ‘hexane while Y'-a_XlS is tempera 11 h
Raoult’s Law line. as \e eviation from Raoult’s law since the pubble curve 18 above the
CleresofLI Tex e, as shown in Figure 1: TXY-diagram, represent I?I:Ibble and Dew
Y-axis is temane-quu(?ne system, X-axis represent composition of hexane while
than the : p‘erat‘ur_e in °C. This means that the vapor pressure for the mixture 18 more high
the vapor pressure for each pure component which leads both components o0 escape from
solution more easily.
4150, mirimum Horling azcoliopes (when x=y) were founded when x=y=(0.82-1) which is clear
in Figure 1: TXY-diagram, represent bubble and Dew curvesof Hexane-Toluene
temperature in

system, X-axis represent composition of hexane while Y-axis is

oC - ,
. ,80 we can not separate these two liquids at these mole fractions.
ed from experimen

Frc‘)r'n Table 1: final result of data collect

boiling temperature of the mixture is between boiling temperature of
toluene Tb(hexane) < Tb (mixture) < T b(Toluene)

which indicate a sign of reliability of data.

t.,the data shows that the
pure hexane and

activity coefficient
ent which is a factor to measure the deviations from id

The activity coeffici eal behavior in a

mixture. has been calculated from 3 models:

s Modified Raoult’s law

=

As shown in figure 2 anc_{ table 3, when yapor mole fraction increase and liquid mole fraction
s the mixture deviate from Raoult’s law(non-ideality) ,the activity

dz%;asc for the’specie
coefficient increase.

e 4,the liqui'd“ mole fraction increase for hexane and the activity coefficient

From figure 3 and tabl

NR— —

-

When the liquid mole fraction =0.61 ,the activity coefficient for both toluene and hexane is tl
¢ s the

same.

3- Two suffix mar ules

From figure 4 and table 5, the liquid mole fraction increase for hexane and the acti ity
¢ ivi

coefficient also increases.
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both toluene and hexane is the

Wi - S~
1en the liquid mole fraction =0.50 ,the activity coefficient for

Same and are equal to 1.116.
s nearly the same

Th 3 ivi : it i
e values of activity coefficient vary in the three models but it}
The parameter 4 can either be positive or negative

A>0leads toy > l;4<0leadstoy<1.

There were many errors that affect the data of this experiment:

-Instrument errors in measuring the temperatures

-personal errors

05.482

The consistency of data is 1
Theconsistency of data tes{ indicates poor consistency, ince the area under the curve 5

of data with tlwﬁd?namw@s/ e | et e

S

ST e CRTTI_

Conclusion

- If the activity coefficient is far from unity mixture is not ideal and not obey Raoult’s law

but modified Raoult’s law or other model.

- The activity coefficient of a component in a mixture varies with temperature and composition

-If there is a positive deviation in Txy diagram ,the activity coefficients of at least one species in the

mixture is greater than one.

- Azeotropes can appear in Txy diagram , when vapor and liquid compositions are the same.
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Appendix

1-Sample of calculation:

A row from .
each table will be discussed as sample of calculations.

TXY diagram
At temperature =61.5 ¢

Refractive index of liquid phase of Hexane=1.4
L%Vol (hexane )=0.78
L%Vol(tolouee)=1-L%=1-0.78=0.23

X(Hex.)=[density of Hex. * L% Hex /[ (density of Hex. * 1.9% Hex) + (density of Tol. * L%

Tol.)]
density of Hexane =659 kg/m"3

density of toluene=828.42 kg/m”3
X(Hex)=[659*O.78]/[(659*O.78)+(828.42*O.23)]

X(Hex)=0.74

X(Toluene.)=1-X(Hex.)
X(Toluene.)=1-0.74
X(Toluene)=0.23
Refractive index of the condensate of the vapor phase of Hexane=1.397
V%Vol(Hexane)=0.83

v%Vol(Toluene)=1-0. 83=0.17

* V9% Hex J/[ (density of Hex. * V% Hex) + (density of Tol. * V%

'Y(Hex.)=[density of Hex.
| 8
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Tolene)]
Y (Hexane)=0.8
Y(Toluene)=0.2

Activity coefficient _ (Y)

-Modified Rault’s Law
yToluene = (Ptot * Y 1)/(PT(saturation) * X T)
yToluene = (680*.2)/(147.42 * .26)

yToluene =3.61

vhexane= (Ptot * Y H)/(P H(saturation) * X H) (7 f
vhexane =(680*.8)/(623.08*.74) /
yhexane =1.18

| -Van Laar model
The average values of Parameters of Van Laar equation was obtained from THERMOSOLVER

program
Al2(Hexane-Toluene) =0.374486
A21(Toluene-Hexane)=1.02246

Van Laar equations are:
ln’}’l=A12/(l+(Al2/A2l)*(X1/X2))"2

=0.375/((1+(0.375/1.022)*(0.74/0.26))"2
=0.08977

Y1(hexane)=1.0939
Y 2=A21/(1+(A21/A12)¥(X2/X1))"2

=1.022/(1+(1.022/0.375)*(0.26/0.74))"2
=0.2667

Y2(Toluene)=1.306

-Two-Suffix margules model

The average value of Parameter Of Two-Suffix margules equation was obtained from

9
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THERMOgO1.

VER program
Al2=0.432857
lll’Yl:Alz*XzAz

=0.432*0,26~2
=0.029

Y 1(Hexane))=] 03
InY2=A12%x179

=0.432*0,747)
=0.237

Y2(Toluene)=1.27
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Temperature density of n-hexane density of toluene (kg/m3)

56.3 5 -

61.5 659 828.42

65.4 659 825.66

69.4 659 821.152

127 659 818.116

76.7 659 W\

83 659 80864

87.53 659 (8044724

95.6 659 W

106 E 78574\
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Abstract

The objective of this experiment is 1o study liquid-liquid equilibrium which means that a
material dissolved (in this experiment it was acetone) in one liquid phase that usually
polar (water) and it is transferred to a second immiscible or nearly immiscible liquid phase
that usually non-polar organic solvent (Toluene). The driving force is chemical potential.
The solvent that is enriched in solute is called extract, and the solvent that is enriched in feed

qusbﬁdimaﬂ: ncentration of solute .But in this experiment the raffinate and extract are

0
\ 0 4 percent 50% dissolving.the acetone. The experiment-was carried out at around 25°C, the

ternary phase diagram. Temnary diagram was plotted according to data observcd Cloudiness was

helpful in the observed transition from one phase mixture to two phases as well as turbidity.
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Results

Table 1: Data used in calculations.

substance Density (g/ml) ¢
Water 1
' Toluene 0.866
\ rAcethe 0.791

A. Water rich

phase

1. Solubility curve formation:

Table 2: Water rich phase results.

t Acetone | Water | Toluene Water Total | Acetone Water Toluene
Acetone Toluene ; 5 ;

| volume | volume | volume mass mass |fraction (by| fraction [fraction (by

; mass (g) mass (g)

‘ (ml) (ml) {ml) (@) (9) mass) |(by mass)| mass)

|

| 5.00 20.00 1.20 3.96 20.00 1.04 [ 24.99 016 | 0.80 0.04

[}

| 10.00 20.00 0.30 7.91 20.00 0.26 28.17 0.28 0.71 0.01
15.00 20.00 0.70 11.87 | 20.00 0.61 32.47 0.37 0.62 0.02
10.00 10.00 1.00 7.91 10.00 0.87 18.78 0.42 0.53 0.05
20.00 10.00 1.10 16.82 | 10.00 0.95 26.77 0.59 0.37 0.04

% 30.00 10.00 0.30 23.73 | 10.00 0.26 | 33.99 0.70 0.29 0.01

1
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B. Organic solvent rich phase (Toluene phase)

Table 3: Organic solvent rich phase results.
| Acetone | Toluene | Water Water | Total | Acetone | Toluene Water
{ i Acetone | Toluene : ’ ;
| volume | volume | volume mass | mass |fraction (by |fraction (by| fraction
| ‘ mass (g) | mass (g)
! (ml) (mh) | (ml) (9) (9) mass) mass) | (by mass)
ﬁs.oo 20.00 0.10 3.96 17.32 0.10 | 21.38 0.19 0.81 l 0.00
L
' 10.00 J 20.00 i 0.25 7.91 17.32 0.25 | 2548 0.31 0.68 E 0.01
| |
1500 | 20.00 | 0.15 11.87 17.32 0.15 | 29.34 0.40 059 r 0.0
i | '
1000 | 10.00 | 0.30 7.91 866 | 0.30 |16.87 | 047 0.51 002
I— — | e
‘ 20.00 | 10.00W 2.50 16.82 8.66 2.50 | 26.98 0.59 0.32 “ 00
‘; 30.00 10.00 \ 5.00 23.73 8.66 5.00 | 37.39 0.63 0.23 ‘ 0.1
\\o'\
'.\I, , R O'g
\ ‘v :‘:‘ . \C{
\"\. \\‘ O'G\
i\
\:\D
\
'\o‘ 6
RN
P
[09]. » o288
Wate ~rr e o Ui
Figure 1; Ternary diagram of acetone, water and toluene. Represent solubility equilibrium curve.
2
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2. Tie line determinations:

Table 4: Tie- lines determination data,

~ T Water | Toluene | Acetone " [ Total | Water | Toluena | Acatone
Sample | Water | Toluene | Acetone
vc!ume% volume | volume ) mass | mass | mass | mass
no. mass
(mt1) (mt) (ml) massig) Jesso) (9 (g) | fraction | fraction fraction
100 1800 2000 | 1300 | 1800 | 17.32 | 10.28 Tas00| 030 | 038 | 023 |
200 2600 17.00 | 800 | 2600 | 1472 T 6.33 |47.06| 055 | 031 | 013
: 3.00 20.00 | 25.00 5.00 ‘ 20.00 21.65 306 |45.61| 0.44 0.47 0.09
1 :
Table 5: Tie-line composition and Othmer - Tobias Correlation.
'r 3 | ; Othmer-Tobias
, : Raffinate Extract
| ; Correlation
; - Rlof | RIof
| Sample x mass
‘ water | toluene | mass fraction : mass fraction | mass fraction
no. | } | fraction of ) log((1- | log((1-
. layer | layer | of acetonein of acetone in | of toluene in
] water in a)ia) | b)/b)
= water layer toluene layer | toluene layer
| water layer
1 ;l 1.35 1.46 0.18 0.82 0.26 0.74 -0.65 | -0.45
2 | 134 | 148 0.10 0.90 0.16 0.84 093 | -0.72
a3 | 134 | 149 0.07 0.93 0.06 0.94 110 | -1.17
’
3
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Figure 2: Ternary diagram of acetone, water and toluene. Represent Tie-lines.
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Figure 3: Othmer - Tobias Correlation, where slope = 1.5368 and intercept = .5929
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Discussion

Phase du_ig_rams use to introduce the phase and composition of one or multi component system.

Type of it is called ternary diagrams which are a triangular diagrams that show a graphical
representation of the phase behavior of the three component in a mixture at constant temperature and
pressure, there are two types of them: equilateral triangles that are shown previously and the right
triangle.

To form a ternary diagram a system of Acetone, Toluene and water was operated in laboratory to
get experimental data needed.

As shown in Table 2: Water rich phase results. , 6 samples of water rich phase were taken and
tltrz}tec1 by toluene until cloudiness formed, this indicate that solution change from one phase
region to two phase region, after that, data plotted on ternary diagram to produce a water rich
side of solubility equilibrium curve.

On the other hand, 6 samples of toluene rich phase (solvent) prepared then titrated with water
until turbidity occur, result shown in Table 3: Organic solvent rich phase results. . Plotting of this
results formed the solvent side of solubility equilibrium curve.

Connection these two sides with one-line produce fully solubility line which separate the
diagram of two regions: one phase and two phases. Show Figure 1: Ternary diagram of acetone,
water and toluene. Represent solubility equilibrium curve.

As you notice, deviation present in sample 6 of water rich side (last row), this indicate an error
was occurred which maybe a personal error in determining the cloudiness point or reading the
burette.

A plait point which is the point where the composition in the water rich phase is equal to that of
the solvent rich phase should be determine but due to sample composition range, it was hard to
identify.

To form tie-lines three samples were taken as shown in data Table 4: Tie- lines determination data..
These samples indicate the nearly homogeneous mixture, after settling in the cells they separated
into two nonhomogeneous phases: water, acetone and toluene, acetone.

the two phases were analyzed by reflect index meter (RI) to know the composition.

As shown in Table 5: Tie-line composition and Othmer - Tobias Correlation. 3 samples gave 3 tie-
lines drown as best fit for the three points mentioned before which shown in Figure 2: Ternary
diagram of acetone, water and toluene. Represent Tie-lines.

To check linearity Othmer-Tobias correlation was formed as shown in Table 5: Tie-line
composition and Othmer - Tohias Correlation. and Figure 3: Othmer - Tobias Correlation, where slope =
1.5368 and intercept = .5929. with best fit line of slope=1.5368 and intercept=.5929 which

indicate good linearity.
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Conclusion

e Personal errors affect the experimental phase diagram.
o Large numbers of samples must be taken to determine the plait point.
» Cloudiness represent the observed transition from one phase mixure to two phases as

well as turbidity.
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Appendix

1. Sample of calculation:
A row from each table will be discussed as sample of calculations.

1. Solubility curve:

A) Water rich phase:

e Volume : water =20 ml Toluene =0.3 ml Acetone =10 ml
« Density ;Water =1g/ml Toluene =0.866g/ml  Acetone =0.791g/ml

« Mass = density * volume

DU r re——
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Mass of Water =20*[=)() g
Mass of Toluene =O.3*O.866=O.26 g

Mass of Acetone=lO*0.791=7.91 g

* Total =
==L Mass = water mass + tolyepe mass + acetone mass

=20+O.2598+7.91=28.17 g

* Mass fraction = mass of substance / total mass
Mass fraction of: Water =20/28. 17=0.71

Toluene =0.26/28.17=0.009
Acetone =7.9 1/28.17=0.28

B) Organic solvent rich phase (Toluene phase)
* Volume : water =0.3 m] Toluene =10 ml Acetone =10 m
* Density :Water =1 g/ml Toluene=0.866g/ml Acetone=0.791g/ml
* Mass = density * volume
Mass of Water =0.3*1=0.3 g
Mass of Toluene =10*0.866=8.66 g
Mass of Acetone=10%0.791=7.91g

* Total mass = water mass + toluene mass + acetone mass

=0.3+8.66+7.91=16.87 g

Mass fraction = mass of substance / total mass

Mass fraction of: water =0.3/16.87=0.02
Toluene =8.66/16.87=0.51
Acetone =7.91/16.87=0.47

3. Tie - lines determination:
A) Tie line determination :

Volume : water =18ml  Toluene =20ml| Acetone =13

Density :Water =lg/ml - Toluene =866g/ml  Acetone = 791 g/

Mass = density * volume

Mass of Water =18*1=18g
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mass of Toluene =20*.866=17.32g
mass of Acetone=13*.791=10.28¢g
e Total mass = water mass + toluene mass + acetone mass
=18+17.32+10.28=45.6g
¢ Mass fraction = mass of substance / total mass

Mass fraction of : Water =18/45.6=0.39
Toluene =17.32/45.6=0.38

Acetone =10.28/45.6=0.23

RI of water layer =1.35
from calibration curve or by applying the calibration equation y = 0.00065x +
1.33520.

Mass fraction of acetone in water saturated with water x=(y-1.33 520)/0.065, applying
this:
x=(1 .35—1.33520)/0.065=0.18

Since mass fraction of water in water layer is required instead of Acetone,

Mass fraction of acetone + mass fraction of water=1

Mass fraction of water = 1- mass fraction of acetone = 1-0.18=0.82=a
As represented above, the same procedure is applied here.

x=(y-1.49950)/-0.135
x=(1.46-1.49950)/-0.1 35=0.26
Mass fraction of toluene in water =1-0.26=0.74=b

B) Othmer - Tobias Correlation :

e Checking reliability by Othmer-Tobias correlation using excel spreadsheet,
where a represents water fraction in water layer, while b represents toluene fraction
in toluene layer. Checking reliability by Othmer-Tobias correlation using excel
spreadsheet , where a represents water fraction in water layer , while b represents
toluene fraction in toluene layer.

o Asasample of calculation , x and f(x) can be found as below

o x=log ((1-b)/b)=log (1-.74.74)= - 0.45

o f(x)=log{(1-a)/a)=log (1-..82.82)=-0.65
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: , . d in order to
e The same calculation has been applied on the other points and plotte

find the linear expression for the resulting line.

2. Data sheet:
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Liquid-Liquid Equilibrium Data Sheet

Tie-Lines Determination:

St et b SOy, LT AR -" 1]
T =Volume of Toluene: |«

o { Erers RPN (m]) G e, | T et g 3
1 - -‘ .. x » "f .‘ s

15

18 20 13 . 1.3y 1. Yy

26 17 8 1,342 V. 477

20 25 . 5 \.3Y V.49

19 29 3

Solubility curve

A. Water rich phase:
"VoHias oF Acetons () | Volume of watet @ml) - | Volume of Toltiene ()

5 20 Ts &
10 20 = 2
15 20 o-7
10 10 t

20 10 Nl
30 10 6.3

B. Organic solvent rich phase:
“Volume of Acetonie (ml) [-Volume of/ Toluene: (ml)s
BEdaras Rrssr et Uy | S R e R

Volome S LA D

5 20 4 T D.0g
10 20 AL *
15 20 RS
10 10 3t
20 10 7.6 t
30 10 &
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Abstract

o “Phqmcal Rroperties such as specific heat capacity and l‘ftcf > ]i
i Qutal @ulemeter, which is an electrical device that measures lho. i
and pﬂ\\‘e!‘ 1 wates. The results showed that the specific heat of aluminum 18
and the latent hegt of vaporization is 2326 J/g.

eat was determined using

ergy in joules
slectrical energy 11 jou
i (59.91 J/(kg.K),

s calculated by dividing

Also, the effic S 5
> eiengy of devices (sue «in this experiment) wd in

A ces (such as a motor in this exp (he joulemeter. Parametric
tor effect 1ts

the Hiput and output energies, the input energy was determined due (0
Sm‘d%' I discussed in this report, changing the voltage and mass lifted by the mo
efficiency, the results represent that changing mass lifted or changing voltage L
approximately the same effect—

Variation of values determined may be due to different types of errors, which are explained in
details in this report. —
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Results

i . of a metal
Experiment [ Determination of the specific heat capaci <

Table 1: Specific heat result

SR ey, o
' e

Final temperature(:C)

| 1159.91

e Experiment 2: Determination of the specific latent heat of vaporization of
liquids

Table 2:Latent heat results

[408.36]

[398.36

of liquid(C) | 93

660

23260

10

':2325:
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Temperature

D= 22,09 MPa

10 MPa

Critical
paint Vapor

1.014 bar

Liquid-vapor

100°C

20°C

o Experiment 3: Investigation of the etficIel
study its variation with load and a

lied voltage

Knowing that

change in height = 60 cm

Mass of hanger=20.32 g

Table 3:parametric study when variating mass lifted at constant voltage
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220.32 2.1 2.1 1.30 61.75%
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J 6.2 U 3041%
6 4.3 | 43.85%
7 32  58.92%
8 3 | 6285%
4 3.6 | 5237%

e
50
* &0
g
% 40
20
0 : 2
150 260 250 300 350 400
mass lifted (q)

Figure 2:parametric study when variating mass lifted at constant voltage
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Figure 3: parametric study when variating voltage at constant mass lifted
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Figure 4:comparig mass and voltage effect on efficiency of motor devic
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DiSCUSSioll

* Experi
4 ment |- e _ . ’
L1 Detﬂmmatlon of the specific heat capacit ofam tal

Specific he
l\el\fin per ur

¢ one degree

pcmls on

at is the hea
Uit mass iti

ass, 1t |
lemperatyre as well

t needed to increase the temperature ofa substan:;i
s heat capacity of a substance per unit mass that d¢
as the identity of the substance.

the mechanical
Volt and 7 ampere
d joulemeter was

To measure Specific heat,
energy equivalent of heat.
alternating Current (a.c) w
used to measure energy.

Joule design an experiment to determine
In this experiment, electrical energy of 12
as transformed to heat using a resistance, an

i 9.91
As shown in table(1), specific heat of Aluminum was calculated to b€ equal to 15

J/(kg:K) Wwhich is reliable for metal, but according to tabulated data, specific heat of
aluminum is 903 J/(kg.K) with positive 28.5% percentage Error.

i : ; 3 tion.
This error mainly occurred because of heat losses to environment due poor “}SUla
y 1 . ‘ 1 '
Systematic error due to instrument precision limiting and personal error i reading
thermometer also take place.

* Experiment 2: Determination of the specific latent heat of vaporization of
liquids

Latent heat, also known as heat of vaporization (AH..,) or enthalpy of vapor izatlor‘l
or evaporation, is the amount of heat energy (enthalpy) that is required to evaporate 1 unit
mass or mole of a substance at constant temperature.

As shown in figure(1) that represents T-V diagram, the point f represents saturated

liquid, while the Wtcd—mpeﬁﬂfﬁembemn atpyof—
point g and f represents heat of vaporization hfg =hg—hf. It is clear from the figure(1) that
pressire increases, as shown by different pressure lines such as 1.014 bar, 10 MPa,
2 ’0/9 MPa and 30 MPa, we move upward the graph and temperature increases, also-points
become closer to each other, hence the heat of vaporization-decreases—
Heat of vaporization decreases as pressure increases; because as pressure increases
temperature increases, so that overcoming the intermolecular forces becomes easier, hence

less energy is needed to vaporize.

In this experiment, the atmospheric pressure was about 680 mmHg, so it is
expected that boiling point temperature of water will be less than 100 C, the measured
boiling point was 93 ¢C.

As shown in table(2), the calculated latent heat according to the data of this
experiment was 2326 J/g, the real value of latent heat at 93 C ig 2275 1/g ;leading to

T8 we Jidwr  do ir dnlab

s

\/ ,{/)\W S Mo mean  dp &;Sw55
14 Vmaardies I o

Qualnrcu vy valilioval i icl



fe;::::rmr e eriment are ¢ jlable

.. ronmental factors (s
ViCissitudes in variables th
- I'nstl'ument resolutiop (
ability to resolve small i

at affects the experimental results - o hat limits the
random): every instrument has finite precisiot
Casurements differences

~ Failur i
¢ to calibrate or check zero of instrument (systematic).

- Pefsona . he observer
: d by a wrong adoption procedy s atons S
such as making an error jn reading the scale (in this-experiment often the possibility 1€
Lermometer) -

making this error is high when reading the temperature degrees from the tl g
1 . . na
o Exner{men,t 3: Investigation of the efficiency of a small electrical motor d
study its variation with load and applied voltage

As the first law of thermodynamics states that energy is conserved and the energy

I1s transferred from form to another but never been created nor destroyed.

In our experiment we have applied the first law by many transforms that occur.

electrical energy (exerted by power supply unit) was converted to mechanical energy :
(due to motor rotational motion) and then was converted to potential energy (bY handling

the lifted mass to certain height).

We have studied the ability of motor to transform energy without big losses of

energy (efficiency) and the relation between it and mass and voltage.
The energy that transformed through the motor has lost part from it because of the
friction exerted. However, energy is still conserved since heat will be exerted from

friction, but it did not appear as an output energy.

As shown in the figure (2), as the mass of the holder increases, more energy is
needed to achieve the process (direct relation), but the efficiency has decreases. We can
explain this that when we increase the load we need more energy and the loss of energy
increases. Also, we can explain it mathematically ; since efficiency is the ratio of output
energy to input energy, more mass added means more energy needed to achieve the
process, but the increase in energy is bigger (not linear relation) so more input energy

mean less efficiency.

As shown in the figure (3) that at constant mass | if we increase the volt
need less energy to achieve the process (inverse relation) leading to less inpuyt age we
high efficiency. We explain this that high voltage means high electrical enIe) energy and
transforms to joule meter reading. 1y that
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 figys, 455 added W€
V€ approgi \ z%telle g‘), We see that if we increase voltage or decrease masst ;i e
ame effe. t . 1€ Same efﬁciency, then the variation of these parame

efficie
1Cy for the same input energy. last
e, but the las

,efﬁciency increases with increasing the voltag

e appears : h ; ent drift
AS unusual. This can be explained by the instrumt time, the amount

error: -
N olr, Most electronic devices have readings that drift OVer e
feadingg; g, ; ; ally not considered, but sometimes this source of error afff:c e
used g [;‘L : 1t should o be considered(in this ¢xperiment the electric device

Conclusion

* Exper . : :
Criment {: Determination of the specific heat capacity of ametal

Insulati
() . .
1 on metal must be Increased to achieve higher accuracy.

® : 5 .
E’X ?Hment 2: Detel‘minaztion of the specific latent heat of vaporization of
liquids
1- Latent heat is the amount of heat energy (enthalpy) that is required to evaporate 1 unit
mass or mole of a substance at constant temperature.

2- As pressure increases, latent heat decreases. Also ,as pressure decreases, boiling point
temperature decreases.

e Experiment 3: Investigation of the efficiency of a small electrical motor and
study its variation with load and applied voltage

1- There is an inverse relationship between efficiency and the mass added to the hanger.
2-there is a direct relationship between efficiency and the voltage by power supply unit,

3-Voltage and mass added are parameters that have the same effect on efficiency of

motor.
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Appendix

|- Sample of calaulation

¥ Expariment 1; Determination of the specific heat capacitv of a metal
“mass of (Al) block (mp= 1012.152 = 1.0121 5k
Joule meter reading(CQy= 23440 § )
Initial temperature (T,) = 35,5
Final temperature (T,) = 55,5
“Temperature difference (4T)=T-T= 55.5-35.5=20K
¥ AT (e . O
O=m*C, Af——rCﬁ-M
23480

1.012+20

*Specific heat (Cpy= =1159.91 J/(kg.K)
*_Experiment 2; Determination of the specific latent heat of vaporization of liquids
Initial mass of llquid = 403.36 ¢
Final mass of liquid =393.36 ¢
Temperature of liquid = 93 C
Pressure = 680 mmHg
Joule meter reading(Q) = 23260 J
* Mass of vaporized water (me.p) = 408.36 g - 398.36 g=10 g

€ _ 220 13631
mevap 10

# [, atent heat =

* Fyneriment 3: [nvestigation of the efficiency of a small electrical motor and

study its variation with load and applied voltage
Taking the first raw as sample of calculation

» Atconstant voltage=5S v
Change in height = 60 cm
Mass of hanger=20.32 g
Mass added=100 g
* Total mass =100+20.32=120.32 g=0.12032 kg
Joule meter reading =1.1 J (input energy)
Potential energy=m *g*z (output energy)
* Potential energy=120.32*980.7*60cm *10~7=0.71 ]
Efficiency=output energy / input energy
* Efficiency=71J/ 1.1 ] = .6436= 64.36%

« At constant mass=32().32 g= 0.32032_kg
Change in height = 60 ¢m
voltage= 6V
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Joule meter reading =4.3 J (input energy)
Potential ener ey tput energy)

_ gy=m *g*z (outpu Py
* Potential energy=320.32%980.7*60cm x10~7=1.88J

[= 4383 =43.83%
* Efficiency=output energy / input energy= 1.88J/4.3)
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5 Digital Joulemeter Data Sheet

| 1. Spec1ﬁc heat Capa01ty

loj2:'6° 9

23080 &

35.5°c
_, 565.5°¢
f Spe01ﬁc latent heat of vaporlzatton
of 3 42363
398-2b 4
93 %
232603
I 3. Efficiency of a motor:
/ Change in height=..... 60.......... cm
J Mass of hanger=....20.:3%.......8
{
a. At constant Voltage— I T \Y

~ Joule meterreading - -

e ——

A\ T
200 +2032 = 220329 2\ J
300 x20-3L = 220329 6-20
Yoo + 20-32 =420-329 VeiL-\ T

i

:;r?‘ T
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Abstract

The experiment was divided into two parts: the first one was for simple pipe friction duct with
bore of 13 mm and test portion length L=600mm to study the relation between friction loss and
velocity for incompressible flow the calculated friction coefficient (f) is (0006) that is constant

during the change of pressure measured using inclined manometer and mercury manometer for
high range of pressure.

Part two was for sudden enlargement duct that have a different cross sectional area, this part
study the relation between the pressure recovery and the upstream flow velocity assuming the
incompressible flow using inclined and mercury manometer. Also correlations have applied to

the data to investigate the validity of the assumptions for the pressure rise across the pipe which
founded to be invalid.
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Results

Table 1:data needed for calculation.

—
\

Lo-LI(m) |

Tempera

ambient P ‘ 9.07E+01
o (

X AN
\\r\\') \)CV
(e
N

SRR R slata s |
ture | 2.70E+01 d2m) | 190E0p |
|

Viscosity(Ns/m?)|  1.84E-05 {

o 2.00E-01

A. Simple pipe friction duct:

Table 2: simple pipe result

a3 =ovccoe¥ \D=\ rhm)

A gylsg pgw D 15T AL

~_For simple pipé friction duct

o3

Sample | PO- | manometer position if| value - PO-P1 | P2- | manometer position if| value |P2-P3
number | P1 used inclined | ofk | (kPa) | P3 used inclined | ofk | (kPa)
inclined 8.45E-03 § inclined
1 0.01| manometer | buttom |0.8452 H:22E6X%0 03| manometer | buttom |0.8456 0.03
inclined o-) 4.21E-01 inclined
2 0.49| manometer | middle 0.8598 4 0.62| manometer | middle [0.8648| 0.54
inclined 1.48E+00 inclined
3 1.68| manometer | middle | 0.88 ) 2.27| manometer | middle |0.8854 2.01
inclined ft1.87E+00 inclined
4 2.08| manometer top 0.9 2.35| manometer top 0.9 2.12
inclined % 29E-01 inclined
5 0.8 [ manometer | vertical | 0.911 | (-~ 0.79| manometer | vertical [0.9108| 0.72
; inclined 1.14E+00 inclined
6 1.24| manometer | vertical (0.9198( - 1.16| manometer | vertical |0.9182 1.07/1
mercury 6.67E-01 mercury
7 5 | manometer - 1 12 | manometer - 1 1.60/1
mercury 2.53E+00 mercury
8 19 | manometer - 1 17 | manometer - 1 227
v
mercury 3.%00 mercury
9 23 | manometer - 1 24 | manometer - 1 3.20/
v
mercury 4.67E300 mercury
10 35 | manometer . 1 33 | manometer = 1 4.49
v
\\' (1\¢
Lo w\)\\v\,‘
W 1

A
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Figure 2plotting to find f.
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Figure 1: the Blasiusrelation apply check.
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Figure 3: Nikuradse-Von-Karman relation apply check.
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B. Sudden enlargement duct:

Table 3:sudden enlargement duct result.

For sudden enlargement duct
Sample | PO- | manometer (position if| valye " PO-P1 | P2- | manometer |position if| value |P2-P3
number | P1 used inclined (kPa) | P3 used | inclined | ofk [ (kPa)
inclined 8.45E-03 inclined
1 0.01| manometer | buttom |0.8452 0.01| manometer | buttom [0.8452| 0.01
inclined 4.21E-01 inclined
2 |1.38| manometer | buttom |0.8676 0.48( manometer | buttom [0.8546| 0.41
inclined 1.48E+00 inclined
3 1.72| manometer top 0.8944 1.02| manometer | middle [0.8704| 0.89
inclined 1.87E+00 inclined
4 [0.81] manometer | vertical |0.9112 1.08| manometer | top [0.8866| 0.96
mercury 7.29E-01 inclined
5 11 | manometer - 0.36| manometer | vertical |0.8944 0.32
mercury 1.14E+00 mercury
6 16 | manometer - 2.0 5 | manometer - 1 0.67[/
mercury 6.67E-01 mercury \
7 23 | manometer - 3. 06 | 8 | manometer - 1 1.07 [\
mercury 2.53E+00 mercury \
8 30 | manometer - 3.G4 10 | manometer - 1 1.33
mercury 3.07E+00 mercury \
9 41 | manometer - g db 15 | manometer - 1 2.00 (-/
v mercury 4.67E+00 mercury |
10 53 | manometer - o 21 | manometer - 1 2.80
7/
[ sooes00 , l/
A4 = 2
4 00E+00
3.00E+00 —~ —
g S SE=E
m 2.00E+00 =
[- =
[
& — ]
1.00E+00 1
0.00E+00 ——
-1.00e+00 L 11 [
L k (PO-P1) (kPa)

Figure 4: plot of P2-P3 (kPa) and k (PO-P1).

/
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1.00E+00 -

8.00E-01

6.00E-01

(P3-P2)/(k*(PO-P1}}

4.00E-01

I

| =5-164 1y
2.00E-01

0.00E+00

2.45E-01 250601 255E-01 2.60E-01 2.65E-01 2.70E-01 2.75E-01 2.B0E-01

2
Figure 5: plot of (P3-P2)/(k*(P0-P1)) and [%‘; - (5‘3) 9.

a3/ p3
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Discussion

For simple pipe friction duct

1- Plotting (P2-P3) against k (P0-P1)

Losses of pressure are expected to happen in simple pipe due to effect of the fluid's viscosity
near the surface of the duct.

It could be measuredby calculating thé friction coefficient (f) usingdarcy’sequation.

From figure (1), the value of f= (0.006)founded by taking the slope =4.f.L/d from
linearizeddarcy’sequation. As well as the slope is constant, the friction coefficient is constant

since it is function of Re and relative roughness, if the cross sectional area and flow ratedoes not

change the velocity and Re will be constant. The flocculation of point above and below linear
line is due to instrumental error such leakage

2- Plotting log f against log Re.

After normalizationof Blasius relation,the empirical correlation for flow of incompressible fluid,
this equation must be valid log(f)=log(.079)-0.25*log(Re). As shown in figure (2),

The slope of data is -0.373 which is differ from -0.25 by 49.2% which is high present indicate

that the two relations are not consistent. So the Blasius relation can't apply and the fluid is
compressible.

3- Plot against log.

Nikuradse-Von-Karman relation, empirical correlation for flow:(1/f*) =4*log(Re.f*%) - 0.396
has been applied to data collected. As shown in figure (3), the slope is 0.093 which extremely

differ. From this, Nikuradse-Von-Karman relation does not apply to the data.

|
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For sudden enlargement dyct

1- Plotting (P3-P2) against k (P0-P1)

Itis clear ft .
car from the figure (4) that the slope obtained equals 1.048 while the theoretical value
equals 1.91 so the experimental value does not consist with theoretical value.

2- Plotting (p3-p2)/(k.(p0-p1)) against ((a2.p0)/(a3.p2)~(a2a3)*2*(p0/p3))
This plot in figure (5) represents Kikuradse-Von Karman as a linear relationship.

The theoretical value of slope is 2 while the actual slope is

-8.2 There is a big error as a result of
personal and instrumental errors, =

=
fornv ('“\(.,—\;JL""

“A fen

I

Conclusion

In the simple friction duct :

-The friction coefficient (f) along the duct is constant cause of the same velocity along the duct

for fixed cross-sectional area for incompressible gas flow.

-For incompressible flow ,the Blasius relation and Nikuradse-Von-Karman relation are not
applicable with the data from the graphs, since there is a variation in the value of slope, So
assuming that the gas is incompressible is wrong or the percentage of error in the experiment is

large enough to say the data not correspondence with theoretical.
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In the sudden enlargement duct:

-Changing the cross-sectional area to large one decreases th

¢ velocity of the gas flow and
increase the pressure.,

-The density increase, when (P0-P1) and (P2-P3) also increase,

-For compressible flow, the pressure drop affect it in noticeable way than the incompressible gas
flow. :

*
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Appendix

1. Sample of calculation:

A row from each table will be discussed as sample of calculations.

For simple pipe friction duct

To find friction factor using equation;
P2-P3=(4.LL/d ) k.(P0-P1)

NS
(s \ u
(PO-P1) =0t o s wPe . Qe
[ Loy
P2-P3=03 0-03% 806 ~ 15y 1o~ o o g@ 6 0005 1P
L=600 mm
S 2

. _ s o0-%
d=13 mm k'/(\%’()‘) = 0.0005%

- . oot o
T=27c = 0 266 % 1S Y P
From tale 3.1 (from manual)

The value.of k =0.8452 ‘ \
f=(P2-P3)*d / (4.L.k.(P0-P1))

|
=.03*13 / 4%600*.8452 * 01 i
=0.0192 |
Mair =1.71*107-5 (393/T+393)*((T+273)/273)"3/2
Where T is operating temperature and equal 27C

Mair =1.71*107-5 (393/27+393)*((27+273)/273)"3/2
Mair =1.843*10"-5 N/m"2 \

Density = (PO * Mwt)/RT

Density = (90.7 *29)/(8.314*300) a
Density =1.057Kg/m"3 / ' . Q
@,
o \/
To find Reynolds number, the following equation is used: \<,O/
Re=([d*(2*density)".5]/Mair)*(k.(PO-P1))*.5 \\Q/\,

Re=([.013%(2*1.057)".5)/1.843%10°-5)*(0007 1)) 5 (v
Re=86.68 o] 0{%
log f=-1.43 _~

1/(H)™5=5.20
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log Re=1.938

For sudden enlargement duct:
Density (}= (PO * Mwt)/RT , P0=90.7 Kpa
Density 0\= (90.7 *29)/(8.314*300)
Density\0/=1.057 Kg/m"3

AN
Density 2 = [Mwt of air*P2)/RT , P2=90.65 Kpa
Density 2 =[29.01*90.65]/((27+273)*.008314)
Density 2 =1.0576 Kg/m"3
Density 3= [Mwt of air*P3]/RT , P3=90.66 Kpa
Density 3 =[29.01*90.66)/((27+273)*.008314)

Density 3 =1.0577 Kg/m"3 ' - oiz

al=a2=(2_%_{_7)*0.013"2 =531%10°4 m™2 & 133 &0 y
a3=(Q2UT)*0.019°2=1.13*10"3 m"2 (2 .§ 3 % \©
2*[a2/a3 - (a2/a3)"2]

=2#[5.31*107-4/1.13*107-3 -(5.31¥10°-4/1.13¥10"-3)"2]
=.498

[(a2 *Density 0)/(a3*Density 2 ) - (a2/a3)"2 * (Density 0 /Density 3 )]

—=(5.31%107-4 *1.057)/(1.13*10-3*1.0576) - (5.31¥10°-4/1.13*10°-3)"2 *(1.057/1.0577)

=.249 \/ <
/
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Table (1): data plotted for for simple pipe friction duct,

R Pela e
P2P3kPa)|k (PO-P1)| F /| 1ogt density | Re [logRe| 1/(fr5

0.03 8.45E-03 1A63E’-”02 -1.788941149(1.057198538(9.43E+01| 1.97 [7.842789783|1.079968515

0.54 4.21E-01 |6.89E-03| -2.16155404|1.0571985386.66E+02| 2.82 [12.04417397|1 742479086

| 201 1.48E+00 [7.36E-03 -2.132894468(1.057198538|1.25E+03| 3.10 |11.65325458|2.020408088

212 1.87E+00 |6.12E-03 -2.213263362|1.057198538|1.40E+03 3.15 [12.78296739|2.040480586

0.72 7.29E-01 (5.35E-03 -2.27182614(1.057198538(8.76E+02| 2.94 13.67455084(1.806350457

1.07 1.14E+00 |5.06E-03|-2.295987702 1.057198538|1.10E+03| 3.04 (14.06027617|1.891523039

1.60 6.67E-01 |1.30E-02|-1.886056648 1.057198538|8.37E+02| 2.92 |8.770580193|1.979867534

—— 2.27 2.53E+00 |4.85E-03(-2.314572569 1.057198538(1.63E+03| 3.21 |14.36436012 2.055501371

3.20 3.07E+00 |5.65E-03(-2.247784484 1.057198538(1.80E+03| 3.25 [13.30124344 2.130382531

4.40 4.67E+00 [5.11E-03|-2.291821994 1.057198538(2.22E+03| 3.35 [13.99300525 2.19953388

& A A

Table (1): data plotted for for sudden enlargement duct,

a2.p0

[__

a3.p2
P2-P3 (P3-P2)/(k*(PO- & (ﬁ)z PO,
— - (kPa) k (P0-P1) P1)) density 0 | density 2 [ density 3 P2 P3 a3/ p3
;C\"( & | 0.01 |0.0071436304| 1.183151917 |1.06E+00 1.06E+00(1.06E+00| 90.6520669 |90.66 2.49E-01
(e C A

c x| 0.41 | 1.038767069 | 0.3948989262 [1.06E+00|1.05E+00 1.05E+00|89.62044346(90.03| 2.53E-01
""_\cif 6"59 1.375916339 | 0.6452485334 |1.06E+00 |1.04E+00 1.05E+00|89.28329419(90.17| 2.55E-01
0.96 [0.6725312064( 1.423767389 |1.06E+00 1.05E+00{1.06E+00|89.9866793290.94 2.53E-01
0.32 | 1.466546053 | 0.2195526008 |1.06E+00 1.04E+00{1.04E+00(89.19266447|89.51 2.54E-01
0.67 | 2.133157895 0.3125 1.06E+00|1.03E+00{1.04E+00 88.52605263/89.19| 2.57E-01
/| 1.07 | 3.066414474 | 0.347826087 |1.06E+00 1.02E+00|1.03E+00|87.59279605 88.66| 2.60E-01
'.7/\ 1.33 | 3.999671053 | 0.3333333333 [1.06E+00 1.01E+00|1.03E+00(86.65953947 |87.99 2.64E-01
2.00 | 5.466217105 | 0.3658536585 1.06E+00(9.93E-01 [1.02E+00 85.19299342|87.19| 2.70E-01
2.80 | 7.066085526 | 0.3962264151 1.06E+00|9.75E-01 |1.01E+00 83.593125 (86.39| 2.78E-01

10
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) Version no. 6 February, 2016
Compressible Fluid Flow Data Sheet
Atmospheric Pressure = ...6.?@....mmHg.
For simple pipe friction duct:
(Po-P) (P2-P3)
§ \ 0-0l  huttom 003 b uom
AN o049 middle 0.62 midlle
é 3 \- b8 midde 2.27% middle
2 . 2-09 P 2.35 P
-% 5 0% Velticol o34 Velbcal
[
RLb V94 veltial b verkcdd
i 5  mmhg 12 mmhq
3| e 14 mmHg 13 mmWg
| q 23 mnmig 24 mmig
S 10] 35  Inmi 33 mu W\ g
Sudden & ;1 0.0l lbytbom - 0.0 byttom
enhuf]emcﬂ}c j 1% .38 bultom 0.4g butkom
§ 3 | 72 bR e 1,02 middle
g 0.8\ veld w 0% tof /
g . A
3118 1 et rerbeald 0-36 Vertia! 4/
H4b | mm N S ity
I+ 23 mm¥g 8 mm W
é ? 30 mmiy \0 mm W g
g q H| kg \5 mmAq
St 53 mmHg 21 _mmtlg
r\\ }t—@,\j —
Instructor signature: v W\ A:C/S
Qw 5 W G\ g
Date: %/O/Z \D{ 3
Page GL&E?)/

Scanned by CamScanner




The University of Jordan

School of Engineering

Chemical Engineering Department

Chemical Engineering Laboratory (1)

Experiment Number: (4)
Experiment title:

Efflux Time for a Tank with Exit Pipe

Type of the report: Short Report

Done by
AsnnanlAleauanh N184A79

Scanned by CamScanner



Abstract

The objective of this expenment is to show the dependence of the efflux time for a tank with
exit pipe on pip length andéd r. A cyhndrlcal tank in a vertical position filled with fluid of
glycerol and water mlxture asdr; ned through a pipe which is vertically attached to the bottom
of the tank.

The affect of two parameters on efflux time were studied, length and diameter of the pipe, which
shows that affected inversely by length, and directly by diameter of the pipe .The density of the
mixture was calculated and it equals to 1.15 g/ml. The flow was laminar because Re less than
2100. The theoretical efflux time was calculated in both study cases, and it equals to 9.64 s at

constant diameter 5.35mm and length 87.4mm.
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Results

Table 1: Raw data of the experiment.

H,(m) 0.134 viscosity (Pa.s) 0.01
H,(m) 0.084 water density (g/ml) 9.99E-01
RT(°C) 17 volume of bottle (ml) 49.92
mass empty(g) 29081 density of mix(g/ml) 1.15
mass bottle+water(g) 79.843 g (m/s’) 9.81
mass bottle+mix(g) 87.611 volume in tank (m’) 0.001
viscosity (cp) 10 Area () 0.02 J

Table 2: Results for pipes with variating length and constant diameter = 5.35 mm.

constant D = 5.35 mm

constant D=, 5.35 mm Area= 2.25E-05 m?

velocity | Re | teff

Length (mm)| timel (s) |timeZ (s)|average time|Q (m3/s)
8.61E-06] 038 [236.51[19.64

87.4 114.12 118.1 116.11

163.4 125.48 126.21 125.85 |7.95E-06| 035 [218.22]26.41

137.93 |7.25E-06] 0.32 [199.10{32.74

318.4 13423 | 141.63
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5.50 -

tE/tC

4.50

4.00

5.00 —

6.00 ——

tE/1C against L (m)

@ E/IC == -0849%x 4 5.81R?=0.961

0.1634

L(m)

Figure 1: Plot of tE/tC against L (m) for constant diameter = 5.35mm;

Table 3:Results for pipes with variating diameter and constant length = 623.4 mm.

constant L=623.4 mm

Diameter (mm)|timel (s) Area(mz) Q (m’/s) |velocity| Re teff
8.4 19.35 | 5.54E-05 [5.17E-05 0.93 [903.90| 6.15
5.35 157.76 | 2.25E-05 [6.34E-06| 0.28 [174.07| 37.38
2.1 2235 |3.47E-06 [4.47E-07| 0.13 | 31.30 1,574.64
2
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tE/AC against DT/d
@ E/1C = 315+ 3.01x+-194x"2 R? = 1
5.00
4.00
3.00
124
g 200
1.00
0.00
18.99 29.82 7597
DT/d

Figure 2: Plot of tE/tC against DT/d for constant length = 623.4mm.
e ————

e ——r

Confirming the dimensionality of equations (7) and (8) p.25 of chemical Engineering Laboratory

M

S2ADTE 1 (L)

1. Equation (7) ter="" "~z

L+H2

Units of expression must be in second, however, the In is unitless

N 2 kg.m
. .m ———7.s.m
Pa.s.m.mZ_Pa.S3-m = m?.s

= = = =5#
%. %,m"' kg kg kg
3 3
LI  (L+H2T]. 2
2. Equation ®) tefr=3 + 5z ' ¢ (L + H1) ( )7] ... (2)
4 5 1
> i 7. d7. p7
g.dr.pr. . 4/7) =1 a7. ]
=l— i & 1
Whiers/© [(.079x2).L.u%] ( (079x2)7. L7. U7
4 1
m7 % kel 4, 1 & 1
Tlmﬂm,}.j m7. kg7 m7. kg7
7 kg7 _m7. kg7 _ A
Units for C [C]—-Sl——-’f’lmi=—’j‘——————l m"-(3/7) . s
i N7.s7 s N7 K
m7.—3 s
m7
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Discussion

The i )
¢ most important parameters should be taken in the consideration while designing tanks are

the length and diameter of the pipe.

As shown in Table 2: Results for pipes with variating length and constant
diameter = 5.35 mm. the area of constant diameter pipes is constant, where the flow is
laminar (Re less than 2100). Reynolds number increase if the length decrease due to increasing
of velocity, more the pipe is long more friction is carried in the pipe that will decrease the

velocity then Reynolds number so that the flow is laminar.

The time required for draining out the vessel contents (efflux time) changed with the length, it is

proportionally increasing because longer pip has lower velocity, so more time is needed to drain

out the tank.

From Figure 1: Plot of tE/tC against L (m) for constant diameter = 5.35mm.)
increasing the length of the pipe, increase the ratio of efflux time between time calculated and

measured (experimental) while all data is bigger than one, this means that the measured value is

higher than that calculated due to the equation (2). Also, the differences decrease while

increases because it is more easily to determine specific volume drain at lo

As shown in Table 3:Results for pipes with variating dia

length = 623.4 mm. in constant length of pipe, the flow is also larhinar while increasing the

pipe increases the velocity due to large cross sectional area so the
ged with diameter

diameter of

number, and decrease the head loss due to friction. The efflux time is cha

proportionally decreased, because the velocity in small diameter is sléwer and need more time to

drain out the contents in the tank.
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From Figure 2: Plot of tE/tC against DT/d for constant length = 623.4mm. the
relation is not linear as in Figure 1: Plot of tE/tC against L (m) for constant
diameter = 5.35mm.when the ratio of the diameter of tank to diameter of pipe is increased
(diameter of tank constant=.16m while diameter of pipe is changing) the ratio of experimental

time to calculated time is increase then decrease.

Noticing that when diameter is much low the experimental time and calculated time are
vigorously increased and the values come closer to each one that make the ratio low .this
explains why the curve is coming down when decreasing the diameter of pipe with respect to the

diameter of tank.
From figure (1) and figure (2), deviation between experimental time and calculated time is

founded. This may be due to personal error in reading the scale and instrumental error like

inaccurate scaling.

Conclusion

-The most important parameters that should take the consideration while designing tanks j

length and diameter of the pipe.

-Under experiment condition, the flow of the mixture is laminar in/both study cases due to Re

less than 2100.
-The velocity affected inversely by length, and affected directly by diameter of pipe.

_There is a deviation between experimental and theoretical efflux time.
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Appendix

SAMPLE OF CALCULATION

¢ Finding the density of the mixture
Mass of empty bottle =29.981 g.

Mass of bottle and water = 79.843 g .
Mass of water = Mass of bottle and water - Mass of empty bottle = 79.843 — 29.981 =
49.862 g.
Density of water = 0.998 g/ml .
Water volume = bottle volume = w::::;?ﬂiﬁy = ‘T:f: = 49.86 ml =49.86 *10 -6 m>.
Mixture density = mixture mass _ mass of bottle and mixture—mass of bottle —
——"——J mixture volume bottle volume
87.611-29981 _ | 15 o/,

49.92

¢ Finding the tank volume

Area (A) = tank volume / height =.0
Dy = V4*A/m =4+ .02/m =0.16m.

01/(.134-.084) = 0.02 m’.

Taking the first row from table2

e Timel=114.12s
Time2=118.1s
time 14time2 _ 11112;_1131:116.115.

Average time = s

e Tank volume =.001 m’
tank volume _ 0001 _ 8.61 10-¢ mg/s .

Volumetric flow rate (Q) = — =
average time 116.11

e Pipe area (A)= dz:" = HXO'TSBS: =275 * IOA—sz_

Velocity (u) = -A? = 232‘;—1172:—2 = 0.38 m/s.
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_pud 1160+ .38+ 0,005
e Re= = 00535 . L .
= 0.01 =236. Since Re<2100 it is laminar flow.
2
o t= 32XpuxLxDT* (L+H1) _ 32X.01X.0874x.162 (.0874+.134) 19.64's
4 - = . .
pxgxd L+H2/ ~ 1150x9.81x.00535%4 0874+.084
tE (averagetime) _ 116.11

tC 19.64 = 5.91.

Taking the first row from table3

_ time 1+time2 1141241181
= > = =116.11s.

e Tank volume =.001 m’

.
=

1me

Volumetric flow rate (Q) = tankvolume _ 0001 _ 15, 10=5 mYs.
time 19.35

d?xm  wx0.00842 5 2
= =5.54*10°m".

» Pipearea(A)=——= y

. _Q_ 517+1075 _
Velocity (W)=~ = o105 = 0.93 m/s .
pud _ 1160+ 93+0008% _ g6 Gince Re<2100 it is [aminar flow.

e Re= =
[ 0.01
o = 32XuxXLXDT? (L+H1) _ 32x.01x.0.6234X.16 (.6234+.134) —620s.
o pxgxat L+H2 1150x9.81x.0084"4 .6234+.084
tE 19.35
— = — = 3.15.
tC 6.14

TABLES USED FOR PLOTTING

Table A: Data used for plotting figure 1.

Figure 1

L (m) [tEAC
0.0874|5.91
0.1634|4.77
0.3184]4.21

Table B: Data used for plotting figure 2.

Figure 2
DT/d |tE/C
18.99/3.15
29.82|4.22

_75.97 1.42’
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Efflux Time fora T

————

———————

e ——

- ——
N ——na

Version no, 6 February, 2016

ank with Exit Pipe Data Sheet

T .
Pipe dimensions

N _Time (s) Time (s)
N D= S35mm ['rial number 1 Trial number 2
g [ dum |s54.1L |258.10
._g D=535mm
2 L=163.4mm 21054 ® 250000
D=5.35mm
< 3 ‘ )
“2 | L=318.4mm ‘ 224,23 2: 2. 63
D=8.4mm ' - _
S L=623.4mm po' \1-35 —
N —
< D=5.35mm - oo
"‘:_J, L=623 4mm g 3% Fb I
g =2.lmm 2116, 00 o
A L=623.4mm 3 _J/’—’—]

-
— m [ 13.dce
H2 ______g_:_ﬂ’@"————-—

Room Temperaturé

Mass of empty bottle
Mass of bottle+ water
Mass of bottle + mixture

Viscosity

ol Pau |

_

| 79.¥%43 J
,_&Z'guégf—«-

g'\\\flg
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Determination of Losses in Small Bore Piping System

Type of the report: Short Report

Nana hv

Scanned by CamScanner



Abstract

The head loss occurs due (0 frictio
ameters include length, pipe diameter, internal
and friction factor on the head loss.

n in the pipe. The objective of this experiment was (0 study the

effects of many pat surface roughness, type of

fiting, sudden contraction, sudden expansion,

The relations between head loss and parameters was plotted according to experimental data,

the head losses measured were compared to the calculated head losses by a plots t00.

The main results was:
- The gate valve better than globe valve for a low loss piping system.

- The loss coeflicient decreases as the flowrate icreases.

- The radius of curvature of a pipe bend has inverse relation with head loss coefficient

Fe

e

Scanned by CamScanner



Table of Contents
T ————— 1
O —— 8
N 9
e ————————— 9
e 10
PR ——— 10
P —— 10
Table of figures
Figure 1: Head loss with volumetric flow rate for straight line of dark blug SYStEM. wcueeuimeremssremmeesseesss 1
Figure 2: The relation between Reynoldsnumber and friction factorfor straightline of dark blue system.
.......................................................................................................................................................... 2
Figure 3: perecentvolume flow rate(x-axis) with loss coefficient(y-axis) of gate valve fordarkblue
TR 3
Figure 4: perecent volume flow rate(x-axis) withloss coefficient(y-axis) of globe valve forlight blue
A 4
Figure 5: The head loss measured with head loss calculated for sudden expansion in light blue system. ..5
Figure 6:The relation ofhead loss measured with head loss calculated for sudden contraction of light
10 SYSEET s 6
Figure 7: The relation of friction factors for bends with Reynolds numberforbendsinlight blue system.
.......................................................................................................................................................... 7
Figure 8: changing of loss coefficient with reduced bend radius for bendsin light blue system. ......oecees 7
Table of tables
Table 1: straight pipe datafor dark DIU SYSEEM. cocovvensressrasrmmmssssrssssssmssasssss st 1
Table 2: Gate valve data (dark blue B I 2
Table 3: Standard 90° elbow data of Dark BIUE SYSTEM.errvvvssssercssmsrssesssssssssssssssnan s 3
Table 4:90° Miter data of DArk DIUE SYSEEM.cccrvsvsssssssssmmssssssssss s s s s 3
Table 5:Globe valve data (Light blue SYSTIM). ovrreesmsesssessmmssass s A 4
Table 6: Sudden Expansion data FOr Light DIUE SYSIEML. covvcecissssrsssssssssrssssssssssssssssss st 4
Table 7:Sudden Contraction datafor Light DIUE SYStEML . ccccicummimisssiarssssesnns s 5
Table 8:radius bend 50 data Of Light BIUE SYSTEIM..covvusimmmsassmississssssss s s 6
Table 9: radius bend 100 data DT L - 6
Table 10:radius bend 150 ata fOr LIt DIUE SYStEMurimvmwcuussrrrinssmsssscsssmmssssssas s sesss s 7/
ii
TR R Y T L S T L e
4

Scanned by CamScanner



Results

Table 1: straight pipe data for dark blue system.
s\'tmlgh@,pipe _Q(l_ll’/S),,' :u(xrn(sj SATRal i f 4
264 0.0002473 [1.6768 22972.255 0.0007037
—
246 0.0002346 | 1.5908 21793.823 0.0007285
o
224 0.0001923 | 1.3040 17865.346 0.0009872
]
200 0.0002027 | 1.3745 18831.041 0.0007934
175 0.0001672 | 1.1339 15535.084 0.00102}0

2 ,

v

v

=

300
250 —
L g
Q 200 / +
T
£
E
] 150 T
v
K=}
b
& 100
50
0 T T T T T 1
0.00015 0.00017 0.00019 0.00021 0.00023 0.00025 0.00027
volumetric flowrate {m3/s}

Figure 1: Head loss with volul

metric flow rate for straight line of dark blue system.
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Figure 2: The relation between Reynolds num

Table 2: Gate valve data (dark blue system).

ber and friction factor for straight line of dark blue system.

| SRR T

¢ e 00 e o

o0 T 0.136 0.9487
150 o5 | ato7 | o487 | 203 15.8106
8 75 3 | 7777 | 1156 13.3327 -
127 7.5 37 81.97 1.727. 17.9299
165 7.5 44.85 | 67.63 2.243 34.2278

Vauyamwa
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k (gate valve)

10

ELIS .

30 \

25

20 \ & k(gate valve)

15 \ _® —— Linear (k (gate valve))
. \

10 \

5 -
0 ' . . L2 .
© 70 80 90 100 110 Vs

Figure 3: perecent volume flow rate(x-axls) with loss coefficlent(y-axis) of gate valve for dark blue system-

Table 3: Standard 90° elbow data of Dark blue system.

: _'stq.elbovi OO R eyt 1 A
- (=127mm) | mass(kg)|time(s)| Q(m?/s) | u(m/s) (mH20) || k|
412 75 | 30.33 |0.0002473|1.6768| 0.148 [1.0327
385 7.5 31.97 |0.0002346 1.5908 0.139 1.0777
359 7.5 39 [0.0001923 1.3040 0.135 1.5576

310 7.5 a7 |0.0002027|1.3745 0.11 1.1423

270 7.5 44.85 |0.0001672 | 1.1339 0.095 1.4496

Table 4: 90° Miter data of Dark blue system.

iter bend 90 (r=0)| massiko) time(e)] Qs | ulmis)| dalta H (mH20) || ki

507 7.5 30.33 | 0.0002473 | 1.6768 0.243 1,6957

468 7.5 31.97 | 0.0002346 1.5908 0.222 1.7212

N 415 7.5 39 |0.0001923]1.3040 0.191 2.2037

373 7.5 a7 |0.0002027 | 1.3745 0.173 1.7965
317 7.5 44.85 | 0.0001672 | 1.1339 0.142 2.1667
//

3
e e R s e e o
o
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Table 5: Globe valve data (Light blue system).

mass 6(s)Q% Hﬁiwnﬁzo) T
107 7.5 30.91 100 1.4547| 10.5427|
150 7.5 42.71 |72.3718 2.0393| 28.2177
187 7.5 39.52 |78.2136 2.5423| 30.1194
226 7.5 48.79 |63.3531 3.0725| 55.4805|
270 7.5 71.79 4\3/0561 3.6707) 143.50; ’

k

160
140 *
120
100 ~
80 \\
60
40 MRS
20 RN
20 35 45 55 65 75 85 95 105

Table 6: Sudden Expansion data for Light blue system.

Figure 4: perecent volume flow rate(x-axis) with loss coefficient(y-axis) of globe valve for light blue system.

s,‘r'.%d oex _._a, é;e 1{rm/s) u2(m/s Dn?taog closs ""L%H%O ata

50 7.5 30.91 | 1.6453] 0.4431 0.12797 0.07367| 0.05430

37 7.5 42.71 | 1.1908| 0.3207 0.06703| 0.03859| 0.02844

30 75 39.52 | 1.2869| 0.3466 0.07829| 0.04507|0.03322

25 7.5 48.79 | 1.0424| 0.2807 0.05136| 0.02957| 0.02179

20 7.5 71.79 | 0.7084( 0.1908 0.02372| 0.01366| 0.01007
vV

4
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sudden expansion

° 140
&E‘ 120 ¢
E 100 / ¢ noheadloss
4 /
= 80 N
3 M B with head loss
©
2 60 // ¢ .
o
g 40 < ——— Linear (no head
i { ./., h;sse;l (
8 20
i 0 — = Linear (with head
' ' ' loss)
0 20 40 60

measured head loss mmH20

Figure 5: The head loss measured with head loss calculated for sudden expansion in light blue system.

Table 7: Sudden Contraction data for Light blue system.

0.1280| 0.03153
190 7.5 42.71 | 0.0001756| 0.3207 1.1908 0.0670| 0.02282| 0.08985
157 7.5 30.52 | 0.0001898| 0.3466 1.2869 0.0783| 0.02466| 0.10295
110 7.5 48.79 | 0.0001537| 0.2807 1.0424 0.0514| 0.01998(0.07134
70 7.5 71.79 | 0.0001045| 0.1908 0.7084 0.0237| 0.01358| 0.03730
/,
5

e et
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Sudden contraction

o 180
; 160 o
E 140 @ no head loss
£ 120 r 4
q 7
2 100 0. ,
T g , A B with head loss
T 40 -__.L,)/ = Linear (no head
‘-g 20 & loss)
s 0 . . . — = Linear(with head

0 100 200 300 loss)

measured head loss mmH20 J

Figure 6:The relation ofhead loss measured with head loss calculated for sudden contraction of light blue system.

Table 8: 50°radius bend data of Light blue system.

mass ] fime’

3.6496

)R S bt

30.91 [ 0.0002426 | 1.6453 | 22541.200 | 0.00644

212 7.5 | 42.71(0.0001756 | 1.1908| 16313.475 | 0.006990
180 7.5 | 39.52 |0.0001898 | 1.2869| 17630.276 | 0.006856
143 7.5 | 48.79|0.0001537 | 1.0424 | 14280.560 | 0.007227
110 7.5 | 71.79 [ 0.0001045 | 0.7084 | 9705.370 |0.007959

Table 9: 100° radius bend data for Light blue system.

214 7.5 |30.91 [0.0002426 | 1.6453|22541.200 | 0.006447 [ 0.237401 | -0.023401 0.1—696
206 7.5 | 42.7110.0001756|1.1908 | 16313.475[0.006990 | 0.134812 0.071188 | 0.9850
164 7.5 | 39.52 [0.0001898 | 1.2869| 17630.276 | 0.006856 | 0.154428 | 0.009572 |0.1134
128 7.5 | 48.79 |0.0001537 [ 1.0424 | 14280.560 | 0.007227 | 0.106801 0.021199 | 0.3828
94 7.5 | 71.79 [0.0001045(0.7084) 9705.370 |0.007959 | 0.054331 0.039669 | 1.5509

el
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Table 10: 150%aclus bend data for Light blue system.

‘tmglﬁs* T — . jo.g\;so
160 | (ka) | (s). | Q(mYs) [lu(m/s) -';sg.s},,& (¢
240 7.5 | 30.910.0002426 1.6453| 22541.200 | 0.006447 |  0.2374 _2.992_6;_ 0.0188
205 7.5 | 42.71 [0,0001756 |1.1008| 16313.475| 0.006990 Toqme | 00702 |0.9712
173 7.5 | 39.52{0.0001898 |1.2860 | 17630.276 [ 0.006856 | 0.1544 0.0186 | 0.2200
130 7.5 | 48.79|0.0001537 | 1.0424 | 14260.560 | 0.007227 | 0.10G8 0.0232 |0.4189
96 7.5 | 71.79|0.0001045 | 0.7084 | 9705.370 |0.007959| 0.0543 0.0417 | 1.6290

Friction factor with Reynolds
number

0.009
S 0.008 -
8 0007  ————, .
S 0.006 —
£ o.00s

0.004 , . , .

5000 10000 15000 20000 25000
Reynolds number

Figure 7: The relation of friction factors for bends with Reynolds number for bends in li

ght blue system.

09
0.8
0.7
0.6
05
0.4

average K

Loss coefficient with reduced bend

radius
~.
\
—— —
0 ; 4 6 8 10 12

Reduced bend radius

Figure 8: changing of loss coefficlent with reduced bend radius for bends in light blue system.
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Discussion

Wl et \:“ ) v otnte I N ) . o .
The kovs of nature state i you want something you have to pay for it. [ you want (0 move

something, there will be resistance,”

As seen - figure 1, as the flow mate mcreases, the head loss increases. Because the flow rate

increase with pressure (the head loss is the difference of pressure / density * gravity constant),

Ako, as Reynolds number, the fiiction factor decreases as shown in figure 2.friction affects
when the velocity of liquid s increasing then Reynolds increase, so friction factor decrease at
high velocity, and moody dingram shows that at buninar flow the relation between fand Re is:
£=16/Re However, all values show that the flow is turbulent, and (f) caleulated from the head

loss equation (that proportional inversely with u2).

The fittings such as ebows, tees, strainers, valves have a vatue of k. in this experiment the value
of k for the gate and globe valve are shown in tables 2 and 5. These values can be compared to
the tabulated values.

For the first raw of the both tables, the tabulated valies for the gate and globe valve are 0.2and

10.0, while the values founded experimentally are 0.95 and 10.5 respectively.

From figures (3, 4) the comparison between gate and globe valves shows that globe valve have
higher values of loss coefficient when changing the flow rate, making the gate valve a chose for
less loss pipe system. Gate valve have very litle fluid flow resistance in fully open position and
also have small pressure drop across the valve. Globe valve on the other hand have a high

pressure drop even in fully open conditions and remain a big resistance to fluid flow.

the percent volume flow rate changed with loss coefficient inversely for gate valve in the dark
blue systemn, see figure (3). The loss coefficient is a function of total head loss and velocity
(inverse relation), so when flow rate increase the velocity mcrease then loss coeflicient decrease.

That is clear when the velocity is faster the less friction occurs.

The loss coefficient (k) for ebows is represented in tables 3 and 4. For comparison for the first
raw in the table, the tabulated values for Standard 90° elbow and 90° miter are 1.1 and 1.1, while
the experimental values were 1.0 and 3.5. o
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Sllfldcn expansion. and contraction in piping system has two veloctties: in inkt and outlet, that
affect the pressure difference and head loss. A comparison between caleulated and measured heat

boss s shown in figures (3, 6).
As shown in tables (8, 9, 10), head losses of different diameter bends is examine. As Reynold

merease the friction factor decrease for the three bends. Also, as the reduced radius increase the

loss coefficient decrease. This shown in figure (7) and figure (8).

There are different between tabulated data and the data caloulated of K this could be because of

-personal error: because the time is small (in second) and the time calculated and recorded might

be not precise that affect the values of velocity calculated.

-The pipe consider as smooth pipe which is not precise.

Conclusion

“The radius of curvature of a pipe bend has inverse relation with head loss coefficient.

-The loss coefficient decreases as the flowrate increases.

-The gate valve better than globe valve for a low loss piping syster.
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Appendix
Sample of calculation:

A row from each table will be discussed as sample of calculations.

1. Dark Blue system:

For gate valve:
Ab=h1-h2=240-230=10 mmHg

10 mmHg * 10.333 mH20/760 mmHg=0.13596 mH20
« Q (Volumetric flowrate) =m/(p*t)

Y
_,Q=1.5 kg/(1000kg/m*30.335) ~0.0002473m3/s

o u=Q/A, =n/4*d:, ¢=13.7*10-3m |
)=1.6768m/s Vi

—u=0.0002473/(n/4*(13 7*103)2

« Q%=Q/Q fuly open*l00%=0.0002473/0.0002473 *100%=100%

. k=Ah*2*g/u2=O.136*2*9.81/ (1.6768)2=0.9487

For straight pipe

1=914*10°m, d=13.7¥10°m

« Ah=hi-h2=630-366=264 mmH20 = 0.264 mi0
7

10
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—Q=7.5 kg/(1000kg/m:*30.33s) =0.0002473m3/s
«u=Q/A, A=n/d4*d:, d=13.7*103m
—u=0.0002473/(n/4*(13.7*10-3)2)=1.6768m/s

* Re= p*d*u/p= (1000*13.7*10-3*1.6768)/(1*10-3)=22972.255

« f=(Ahe*d*g)/(2*L*w2) = (0.264*13.7*10'3*9.81)/(2*914*10-3*(1.6758)’)
—1£=0.0007037
For standard elbow 90

Ah=hi-h2=780-368=412 mmH:0 = 0.412 mHz0

—Q=7.5 kg/(1000kg/m**30.33s) =0.0002473m3/s
« u=Q/A, A=n/4*d:, d&=13.7*10-3m
—*u=0.0002473/(n/4*(13.7*10-3)2)=1.6768m/s

« AH=Ah-Ah=0.412-0.264=0.148 mH20

« k=AH*2*g/u2=0.148*2%9.81/ (1.6768)= 1.0327 P4
P
o t/d= (12.7%10:3)/ (13.7%10-3) =0.9270

11
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For 90 miter bend
Ah=hi-h2=1035-528=412 mmH20 = 0.507 mH:0

—Q=7.5 kg/(1000kg/m:*30.33s) =0.0002473ms3/s
« u=Q/A, A=n/4*d, d=13.7*103m
—u=0.0002473/(n/4*(13.7%103)2) =1.6768m/s

« AH=Ah-Ah=0.507-0.264=0.243 mH20
« k=AH*2*g/un=0.243*2%9.81/ (1.6768)= 1.6957

o t/d= (12.7%10.3)/ (13.7%103) =0.9270

2. Light blue sysiem:

Globe valve:
Ah=hi-h2=305-198=107 mmHg

107 mmHg * 10.333 mH20/760 mmHg=1.4548mH20
« Q (Volumetric flowrate) =m/(p*t)

—Q=7.5 kg/(lOOOkg/m3*30.9ls) =0.0002426m’/s
e u=Q/A, A=n/4*d, d=13.7¥10-3m
—u=0.0002426/(n/4*(13.7*1 04)2)=1.6453m/s

« Q%=Q/Q faly pen*100%=0.0002426/0.0002426*100%=100%

o k=Ah*2*g/uz=1.4548 ¥2%9 81/ (1.6768)2=10.5427 /
#
Sudden expansion 4

di=13.7%103 m, d2=26.4*103m
¢ Ahep=h1-h2=520-570=-50 mmH20 =-0.5 mH20

+ Q (Volumetric flowrate) =m/(p*t)

12
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—Q=7.5 kg/(1000kg/m3*30.91s) =0.0002426ms/s

e w=Q/A1, A=r/4*d1,di=13.7*103m
—w=0,0002426/(n/4*(13.7%104)2) =1.6453mv/s
e w=Q/A2, A=rt/4*d2,d2=26.4*10-3m
S u2=0.0002426/(/4%(26.4¥103)) =0.4431m/s

v Al otess e = (- w2)/(2*g) = ((1.6453) (044317 (29.8D)
=0.12797mH:0

. Ah(loss)= Ah (no loss, cal)~ Ah (loss, cal) =005430 mHzO

Sudden contraction r'd
d1=26.4¥10-3m, d2=13.7%10-3m

. Ahexp=l11-112=565-365=200 mmH20 =0.200 mH20

+ Q (Volumetric flowrate) =m/(p*t)
—Q=7.5 kg/(lOOOkg/rrB*30.9ls) =0.0002426m3/s

« ul=Q/Al, A=n/4*d172, d1=26.4%10-3m
——>u1=0.0002426/(1r/4*(26.4*10-3)2) =0.4431m/s
« 12=Q/A2, A=r/4*d22, d2=13.7¥10-3m
—12=0.0002426/(m/4*(13.7* 10-3)2) =1.6453ms

« A2/A1=d2/d1= (13.7*10-3)/ (26.4%10-3) =.5189=.52
From table (A), making interpolatior=.376

he =k*u272/2*g = .376*1 645372/2*9.81 =.0315
AH=Ah + he =.1280+.0315 = .15950

13

o A Gos, e = (1= w)e/(2%g) = (1.6453-0.4431)/ (2¥9.81) =0.07367mH20

« Ah (no loss, cal) = (u2- ul)/(2*g) = ((1.6453)2-(0.4431)2)/ (2%9.81) =.1280 mH20

|
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500 radius bend:

« Q (Volumetric flowrate) =m/(p*t)

- =Q/A, A=m/d*d2, d=13.7¥10-3m
L =0.000203/(r/4*(13.7410-3)2) =1.6453m/s
.« Re= p*d*wp= (1000*13.7%10-

. Ahf=(4*f‘"L*u2)/(2"‘d*g) = (4*6.74*10-3*91
—»Ahf=0.2347 mH20
« AH=Ah-Af=0.0026 mH20

. k=AH*2*g/112=0.065*2"‘9.8I/ (1.6453)*= 0188
 r/d= (50%10-3) (13.7*10-3) =3.650

1000 radius bend:

Ah=hl-112=534-320=214 wmH20 = 0.214 mH20

« Q(Volumetric flowrate)=m/(p*t)
—Q=7.5 kg/(1000kg/m3 ¥30.91s)= 0.0002426m3/s

14

« Ab=hl-h2=470-230=239 mmH20 =0.239 mH20

—Q=7.5 kg/(1000kg/m3*30.91s) =0.0002426m3/s

3%1.6453)/ (1*10-3) =22541.200

. £0.079%(22541.200)-0.25=0.006497 |/ N°
4%10-3%(1.64537) (2*13.7410-3*9.81)
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u=Q/A |, A=md*d2 | d=13.7*10-3 m
—u=0.000203/(n/4*(13.7*10-3)2)=1.377 nv's

« Re= p*d*u/p=(1000*13.7*10-3*1.6453)/(1*10-3) 22541.200

« £20.079*(22541.200)-0.25=0.006497

. Ahﬁ@*f‘*L*u2)/(2*d*g)=(4*6.74*10-3*914*10-3*(1.6453)2)/(2*13.7*10-3*9.81)
—Ahf=0.2374 mH20

» AH=Ah-Ahf= -0.023 mH20

 k=AH*2*gl?=-0.023*2*9.81/(1.6453)"= -.1696

« r/d=(100*10-3)/(13.7%10-3)=7299

1509 radius bend:

Ali=hl-h2=587-347=240 mmH20 = 0.240 mH20

« Q(Volumetric flowrate)=m/(p*t)

—Q=7.5 kg/(IOOOkgnﬂ*30.9ls)= 0.0002426m3/s

« =Q/A , A=m/4*d2 , d=1 3.7*10-3m
—>u=0.0002426/(1r/4*(13.7*10-3)2)= 1.6453m/s

* Re= p*d*u/p=(1000* 13.7%10-3*1.377)/1 *10-3F 22541.200

\ £0,079%(22541.200)-0.25=0.006497
« ARE(A*FL¥2)/(2*d* D)
= (4*6.74*10-3*914*10-3*(1.6453)2)/(2*13.7*10-3*9.81)

— Ahf=0.2347mH20
« AH=Ah-Ahf=0.0026 mH20

. k=AH*2*g/u2=O.077*2*9.8I/(l.6453)2=O.0188
. r/d=(150*10-3)/(13.7*10-3)=10.949

15
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Table (A): Loss coefficientfor sudden cotraction

AdIA

O

N

0.4

0.6

0.8

110

|

0.30

0.46

0.36

0.30

0.18

0.06

16
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Determination of Losses in Small Bore Piping System
Data Sheet

For Gate v§

0 20230 gy~ 765 | 630 - 06| 10 25-502] 76 P
AFEE- 25| R 130 4733- Yo S - o
D30 - 19 [F35-416 (|4 34-u3Y (010 - 695 __iﬂy-oa
o0 —175] Fho-Mbd g 30 - 455 P B T

= P RO T I R
For Globe valve
rw// _?QC ;\qgu‘S’Zo-—ElL é65~365 S34=370 Yo--230—
32174 b 65.4u7| 35-Ud5 |535-343 [59F 342 Y1260 2.7
Rig - iGglég5 -1 So0-543 [SUp-376[0 9% 115 [1F2- M2 9.9
365 14§ [U90 515 |s16~ Yoo [S30~ A0L 596 -4 50| uby YV ¢2.79
251 | gys -66o | 650-610]539-o 544 -9 Y6y - 55 (%9
oo
\4
X
) -_—__-”Instructofrsfgiétb}é"""""’""'""—"'“‘"“-—---—-———--————--—-———m—
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Page 44 of 66
[

. i
Scanned by CamScanner




The University of Jordan

School of Engineering

Chemical Engineering Department

Chemical Engineering Laboratory (1)

Experiment Number: (7)

Experiment title:
Pitot tube experiment

Type of the report: Short Report

Scanned by CamScanner



SN S SO RS S NE

Abstract

The main objectives of this experiment is to measure and plot the radial velocity profile of
airflow in pipe by pitot tube and check if the flow is laminar or turbulent,in this experiment the
flow was turbulent.The average velocity was determined by two ways, the first one is by
calculating the mass flow(W) from the orifice discharge equation and it equals 0.0416 kg/s, and
the other way by calculating W from radial velocity profile and it equals 0.0121 kg/s, and
according to mass flow the mean velocity was calculated by two ways from the orifice discharge
equation and it equals 53.84 m/s, and the other way by calculating W from radial velocity profile
and it equals 15.72 m/s. The Re was calculated by two ways from the orifice discharge equation

and it equals 89083.46, and the other way from radial velocity profile and it equals 26003.67, the

both values of Re are greater than 2100, so the flow is turbulent.
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Results

Table 1 : Parametric data of orifice

Atmospheric pressure (Pa)

89700 /]

Air temperature(K)

N\

302.15

Fan pressure (pa)

N

5021.01 4

Pressure drop across orifice (pa)

1333.70

Pressure drop over test length (pa)

1353.32_+

Orifice area(m2)

NN N\

0.001257

Pressure at orifice(pa)

94721.01

R(N.m/(kg.K))

287.05

Table 2 : Calculations of air density

Air density in pitot tube plane (kg/m3)

103704 7]

Air density at the orifice (kg/m3)

1.09211 l//é)

‘BOO
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Table 4 : Air mass flow rate calculated by two method.

Radial velocity profile

Orifice discharge equation

00416 L

Wi(kgs) 0.0121
Reynold’s number 26003.67 89083.46
Average velocity (m/s) 15.72 53.84 U o\
cweck
P \
¥ Ty
A
U
X X
o [RORESE— B 9
0 (4]
v

(a) Laminar flow

The radial velocity profile

50 00

3 velocity (v)

Lo

(b) Turbulent flow

Figure 1 : The velocity profile of laminar and turbulent flow in references.

Radial location (1)

LA

Figure 2 : The velocity profile generated from Pitot tube dag
ata,

3

|
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Table 5 : Data used for plotting v*r against r

v*r

integrate of r*v dr (wrong)

0.6904

0.639

d 0.35924

0.566

0

0.482

5

0.389

8

0.280

Py

0.13483

0.170

0.057

0

-0.0574

-0.1711

-0.2835

-0.13565

-0.3875

-0.4857

-0.5701

-0.35665

-0.6346

-0.6556

sum

0.0018

J 6H0cs

1adial {m),'_. 5
5 a

Figure 3 : Plot of r*v against r
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Discussion

Pitot tube is a pressure measurement instrument used to measure fluid flow
velocity,consists of a tube pointing directly into the fluid flow, commonly used to measure air

flow in a duct. In this experiment the measurements of the pitot tube used to plot radial velocity

profile.

The pitot tube measures two pressures: static pressure and stagnation pressure.

It is clear from the figure(2) that the velocity of the flow increases as get closer to the center, and
decreases as get closer to the sides of the tube this because of the friction that occurs at the sides

of the pipe by shear stress, so that the maximum velocity of the flow is at the center of the tube.

As shown in table(4)The mass flow rate of air (W) was calculated by two ways:

I-Radial velocity profile, The value of W is 0.0214 Kg/s was calculated by using % Simpson’s
rule.

2-Orifice discharge equation (measure pressure drop across the orifice)
‘i'he value of W is 0.0416 kg/s.

The reason of this differences is because orifice measures the full flow stream while the pitot

tube detects the flow velocity at only one point in the flow stream,

The main difference is that, while an orifice measures the full flow stream, the pitot tube detect
’ S

the flow velocity at only one point in the flow stream.

(after reaching turbulent) the velocity profile tends to be flat enough so that the insertion d "
epth is

not critical.

As shown in table(4)
The average velocity was also calculated by the two ways: i
1-Radial velocity profile, Vavg-—15:72 /

2_Orifice discharge equation, Vayg. =53.8363

As shown in table(4) Also, Reynold’s number was also calculated by (he

. two :
|-Radial velocity profile. The value of Re is 26003.67 . e

1.QOrifice discharge equation, The value of Re is 89083 4¢ )

5
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w is turbulent.
to be flat) at the
) the shape

turbulent

The value of Re in both ways is greater than 2100 which means that the flo

As shown in figure(1), the velocity profile for turbulent is similar to plate(turns
center while the velocity profile is quadratic for laminar ,s0 that as shown in figure(2
of velocity profile in this experiment is more closer to flat shape so it is more closer to

flow.

Conclusion and recommendation

e From the velocity profile, the velocity is higher when the flow is at the center of the p1pe€

and then it decreases away from center due to the frictions in the pipe.

s flow rate in the pitot tube

e The mass flow rate in the orifice is little larger than the mas

that affect the average air velocity then Re.
the flow is turbulent

is above 2000.

e Reynold number is an indication for the type of flow in the pipe,

since the two values of(Re) using the different values of average velocity

Orifice measures the full flow stream, while the pitot tube detects the flow velocity at

only one point in the flow stream.

o After some time, the temperature of the fan increasing due to over work, so that the

density of the air will change and that's will affect the data, it is advised to turn off the fan

until the temperature becomes lower to insure that the temperature is constant during

experiment.

S/
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Appendix

1. Sample of calculation
All data represented in SI unit

* Air dnsity at the orifice(p) = pressure at the orifice/(R * temperature)
=94721.01/ (287.05*302.15)
=1.092 kg/m3

* pressure at the orifice = Barometric pressure + Fanpressure  gj 032 7

pressure at the orifice = 89700 + 1333.7044 = 94721.0048 pa o
8 Y
pat orifice = 94721.0048/(287.05 * 302.15)

pat orifice = 1.09211 kg/m3

The static pressure in the pitot plane

e Air density in pitot tube plane(p) =

Rxtemperature

=89945.09/ (287.05*302.15)
=1.037 kggm3 "~
e The static pressure in the pitot plane = -
Barometric pressure + %test length pressure drop

276 * 1353.3177
1524

The static pressure in the pitot plane = 89700 + = 89945.089 pa

e patpitot plane = 89945.08903/(287.05 * 302.15)
p at pitot plane = 1.03704 kg/m3 b

/7/

o mass flowrate(W) = p * orificearea = Cd = \|2Ap/p
where Cd = Orifice discharge coef ficient (0.613)

Ap = pressure drop across the orifice (N/m?)

p = Air density at the orifice (Kg/m3)

W = 1.09211 + 0.001257 = 0,613 + |2 1333.7044
1.09211

W =00416kg/s —
'
e Average air velocity in the pipe = pﬂ%

8

s N —
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The static pressure

—ew=0.012136

p = Air density in the pipe (Kg/m3)

R = Pipe radius (m)

. ) 0.0416
; o, 00416 538363 m/s
Average air velocity in the pipe 09711003 1,5/
PRe (- o

Air velocity at a point in the pitot plane = \/2(Ps = P)/p

P, = Stagnation pressure (N/m?)
P = Static pressure(N/m?)
p = Air density in pitot tube plane (Kg/m3)

. ’ 1098.3448 _
local velecity for ,-gg15) = |2 * oa0a 1602 m/s.

"

To plot v*r vs. r ,we calculate v*r at each radial position

Where v is the local velocity

v=46.02

r=0.015

v*r=0.69036

To calculate mass flow rate

w=density * volumetric flow rate = density *2*22/7 * (the integration of v*r wrt r
Using the numerical integration (¥ simpson rule ) 4 times for 16 points in this formula :
3*h/8 *(f(x0)+3*f(x1)+3*f(x2)+{(x3))

The sum of these integration was equal 0.0018

w=1.092#%2%22/7*0.0018

Air average velocity = w / (density * 22/7 * (pipe radius )*2 )

Air average velocity = 0.012136 /(1,092 * 22/7 * (0.03/2)2) -

Air average velocity = 15.714
* air average velocity * diameter of pipe / viscosity

Re = density
Re =1.092 *15.714 * 0.03 /(1.98*10"-5)
Re =26003.67
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Pitot tube Data Sheet
// oo — ———
MW
Aunosphﬂ‘ic Pressure: qcr{ =308 f’]" ,lkaf ..........
Aj Temperature: ... X0 ) PRSI L
Fan Pressurc: AR I A 1T WL I

Pressure drop across the Orifice:

---------------

Pressure drop over the Test length:

Version no, 6 February, 2016

———————

............

(wm N2C
Pitot Tube position Vernier reading Pressure Difference (Ps = F)
(mm) (mm) (nyfnt1,0)
O C.o HA- N2
=z L 2 \) %
Y 2.2 4.0
G Z {2 et -
2, 14 e ]
| \O -6 6.6 ]
L2 3.2 e (-0
- 14 =20 / {t-2
b 2.0/ {34
- VS Y \F-2
” < G
| 22 ot 72 \ T
____f__,jﬂ—— &7/ dao = 154
26 oot ld.-2
|2 9.4 \z.-6
[ . Q.6 \0o-\ o
| —
—— i
-
______——"—'—"—.//_‘
= v .
= 7 2
o i 7
[l
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ssure. s
oo 4 eed and pre tity 0
Positive displacement pumps at constant and variable sp fixed quan

. deliver a 112 fora
© rotary vane Pump is a positjyve displacement pump that is ideally perforis differently
uid with each revaluation of the pump rotor or drive shaft,the pump

: le of
range of dehvery Pressure at constant speed. . cancies was calculated , a samp
€ eXpected flow and overa]] pump and volumetric efficiencies
main resyjts are:

At constant Speed =400 rev/min
€Xpected ﬂow=4.44E-05 m3/s
overall pump efficiency 9% = 37.83%
Volumetric efficiency% = 106.45%
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Results

Part (1 “Th
e Effect of Delivery p
ressure
Table 1: re’\‘?“’ T ok at Constant Spe

uit of varyin
WVING pressure at constant speed= 400 rev/min,

"“ ﬂ.uw.

'* ‘"“N Uil
L ""’Nﬂ*w ay } it
TR A R A i A e

Constant speéa .
st ”_i§p§ed (tevimin)= | 400

i " { A8 ST NI PR

Shaft Power j i
Speed (revmin) (W) P1 (bar) |P2 (ban) oy (C) F (wmin

L 404 182 31

i 182 | 3.1
181 | 3.1
3.0

'‘Trial num. Torque (Nm)

‘ |
28 005 |
2 D80 | 405" ‘-fee gy 8 |
3092 | 43 g -0.05
P

2
3
| 4
2107 | a0 R 005 | 5 |182
| 6
7
8
9

400 51 005 | 182 | 3.0
182 30

181 2.9
182 3.0

13 | s | s | 005 |

7 1.52 396 . 63 -0.04
‘8 16 | 42 70
——

-0.04

| 9 | \1-.?9_‘,,,_!___‘!?‘9{_" e g s 10 1182, 3.0 |
10 ’ 1.94 401 _ 'sibm -005_;_; _1»1_‘”;_‘\/\.* |29
120 | 3% | s | -005 | 12 | 183 t 27
(12 | 219 | 36 | 81 | 005 | 13 |184 | 23

o132 | a0 | o | 005 | 4197 19

o P cdee
L)
Table 2: re/¥ult of varying pressure at constant speed= 1100 rev/min.

f e o ‘ 7 Constantspeed

i e ‘1‘“0%»%%&«&*}%3

e el e R e o e

Basi “,(p» “‘N 6med (rev[mm).-n A

: 'f'-“-“"" A8 ‘s. e ¢ RS el SR
| )

“Trial num. JTorque (Nm);Speed (rev./min) Shaft Power (W)|P1 (bar) P2 (bar) T1 (C) F (Umin)|

4 | 11s | 109 ( 133 || 2 188 | 77
| By ot g e O SRE A A 'I e o L N
g » | 130 | MOT 180 010 3 497 7.7
| 23 e 187 e MOB g 6B 0000 4 | N 2 F
| T qas | 101 | 187 -0.10 l Ty
E 2‘ 4 B _.L __;!44 S (... ...+ S SN, S B ‘ 5 ‘ , 199 ,' 78

\ ¢
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2 1.51
|
- 168 1098
e | 1.78 1097
| |
I e I N
1 200 1 1100 ﬁ
10 ! : i
212 | 4097 |
| 24 1095
Co12 |
| 281 e |
B 24 | 1007 |

T .
able 3: Parameters at constant speed=400 rev/min.

}

173 o1 6 190 78
181 o107 191 75
204 010 8 192 74
219 , 01, 9 198, 74
20 | .010 10 200 75
244 010 11 200 T3
257 01 12 00 74
268 010 | 13 220 67
20 | 010 14 220 62
Bt

; Vs=

: r;rl:':'ll. delta P‘E;Dg)” ;/;/F;(\}V; rI;x;J'cte.cl flow ratej %f?:gnzl;rgr '“L”\tla(f)f'"ll::ri':lt:r;’c ‘%gg;?:‘}’?
U 205E+05«_/L | 10. 59\/ ‘54445-05 , 7‘75;573%(/'}7“1‘16.26%/ ' | 6.60E-06

2 \/305E+05 '\ 576, | K 446805 | L 47.75% | 115.97%L/ 6.60E-06

3 405E+05 | 2093 | 443805 | saes% | 11655%  6.60E-06
4 “_Jlr 5.05E+05 | 25.25 , AH1E05 | 5611% | 113.35%  6.60E-06
|5 | BOSE#05 | 3025 | 440E05 |  5931% 11364%  6.60E-06
| 6 | 7.05B+05 | 3525 |  4.38E-05 62.95% | 11421% | 6.60E-06
7 BOMEWS 80 4E0S | e16%%  11096%  660E08
8 c04E05 | as. 20 442E05 64.57% B 113.01?/3&: ~ 6.60E-06
e 100E408 | 5020 4 4»3_5_95_ L ie__oqé/g_ig__’_‘_pg_?_g% | squ-o‘e_ )

10 “1_io'E+o-é': 53.36 |  4.41E-05 [W 66.70% ‘ 10957%  6.80E-06 |
T i1.2'1E;oém§' 5423 | 4E0S | 30s% | 10253% | 660E06 |
12 131E405 | 5003 | 4305 | 5497 8B00% | 660E06
| 43 | 1.41E+06 | 4449 |  4.40E-05 l 45.87% { 71.97% &9“5_.3@;

Ci'\?e*\"'tc_abn.
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Table a
‘par &
Parameterg at constant speed=1100 rev/mi
in

Trial | L | e o S I 0E-06
num, delta P  Expected flowrate . overall pump | Volumetric s--63‘:13rev)
& £2) Wp(VV) ; m3/s efficiency % | efficiency% i :
2 e Y —————— i i Gt bid 2 Rilslar s L eree -06
= 1 - ‘1 ' ' | E-06 |
f--:;~—+‘_.c’lf+°5 '39 7L/, 1.225-04 . ’ , 26 52% L/ , 105 39°/ O
] S 410B+05 5262  1.21E-04 s3.30% | 105.77% ~ 6.60E-06
- e Sy i o ! |
hLm_jﬂ5 1.21E:04 4021% 10872% | 660E06
! i | i
2 el 1°E+0§*{‘7Z 27| 121E-04 sa66% | 10468% GEOEN0
i ; — e &= 7 !
- 6 | T10E+05 18875|  121E-04 46.47% l 103.49% | 6.60E-06 |
7 BA0EX05 9990 121E-04 o7 | 10221% | 660E06
8 910E05 11223  121E.04 si25% | 1019%% 6.60E-08
|9 | LOIE+06 12625|  121E04 | 6489% | 10331% | 660E-06 |
10| 111E+06 135.05|  1.21E-04 5535% | 100.83% 6.60E-06
| [ 1.21E+06 143.18 1.20E-04 55.71% 98.24% 6.60E-06 I
| | | -
12 | 1.31E+06 146.28 1.21E-04 54.58% 92.54% |, 6.60E-06
| 13| 1.41E+06 14570]  1.21E-04 52.04% 85.63% 6.60E-06 |
1.40E-04
sauln
e iy
— 1.00E-04 ﬂ.&
E 3C°A bodd HOO ven [men
£ 8.00E-05 , BfyeF
1 &~ oo
€ 6.00E-05 #speed=7 rev/s

' ooy -
3 4 OOE-05 *‘M*\‘\ M speed=18 rev/s é",\_\P\/O N ?JLO‘ bb .
| | L onw\J e

2.00E-05

o.oos+00J ' ' —
0.00E+00  5.00E+05  100E+06  1.50E+06

pressure difference (pa)

Figure 1: flow rate against pressure difference.
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& 150 \./-Ll’\
E #speed=7 rev/s
“ 100 - = /s
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- \*,,wod’f'w
g
0 . , i
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Figure 2: shaft power against pressure difference and comparing different values of speed

140.00%

. 0\0 120.00% =

100.00%

80.00% P
& speed=7 rev/s

60.00%
Bspeed=18 rev/s

volumetric efficiency

40.00%

20.00%

0.00% T T )
0.00E+00 5.00E+05 1.00E+06 1.50F1+06

pressure difference (un, €

Figure 3 .volumetric efficiency against pressure difference and comparing different values of speed
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Figure 4 : overall efficiency against pressure difference and comparing ditferent values of spoed

Part (2) : The Effect of Speed at Constant Delivery Pressure.

’)G\PD"&’A

Table 5 : Ruy«lts of varying speed at constant pressure = 3 bar.

{Ea] Constant pressure

hS posanpediz 0 Ut o ¥ e Uogy i of DU BOWRA S SR S s

dutomietebe b by fotad e 0 S il o ‘-wiﬂi

: A'l’,,’_"ssu,’f’ B2 (bar)z A SRR i
;Trial num.{Torque (Nm)i'Speed (rev./min)|Shaft Power (W)|P1 (bar)|P2 (bar)|T1 (C)‘F (L/min)!
1 066 | 200 14 002 | 31 | 215 1.4
p, o | 01 | 2 003 | 30 |214| 22
I T 33 004 | 30 |216| 3 |
‘!4 4 {‘ ‘.“’_0_85 ! 505 |45 -0.05 | 3.0 | 215 | 37 ‘
5 | oe1 | 605 57 006 | 30 |211! 45 |
6 | oss | 703 70 |007 30 214 52
7 | 10 803 8 | -007| 31 |215| 59 |
S T 008 | 30 215 68
7 106 | 98 | 1M 009 | 30 ?—J;?LZQ l.
e | | e | w few 5o Tae[ s
S - e =
T e | e | e [ow]se [ gy |

il
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e
| / QNJDIMP
l’ Table 6 :Resilts of varying speed at constant Pressure = 7 bar.
i bl  Constant pressure
& SRR FA ?':?Prreslsu‘re‘jP2~(par)=.,,.nw Sl oo TSI
| l 7
!Trial num.:iTorque (Nm) Speed (rev./min) | Shaft Power (W)|P1 (bar) P2 (bar)‘T (C ) F (L/mln)
1 1.3 197 37 | gz | 71 2171 18
2B | | s o | 10 |28 21
S 395 Ty 004 | 7.0 l2;5 2.9
LS 182 4 e J-o 05| 71 | 213 44
] 6 | 1,58~Nk\70o ol &1
= — 7 | 700 113 006 | 70 |214 ] 51
| ¥ h,.,i.hj58 | 800 :ﬁ i3 007 | 70 | :21‘6#7 68 |
e e e | s | o8 | 70 | 220 64
9 | 181 1001 | 1ee | 008, 70 220 69
{ 10 | 1.65 o102 | qe2 009 | 7.0 | 218 I75
,¥_”‘_;__L§?__i__hj?91 212 mf 010 | 74 221 80
Table 7 : Parameters of constant pressure = 3 bar
e R R L ey T [ e e S e e R EA 4
| | : i Vs= |
Trial deltaP . Expected flow rate | overall pump | Volumetric % 6.60E-06
num. (Pa) Wp(\N) ~ m3/s efficiency % | efficiency% . (m3/rev)
1 3.12E+05 7.2@/ 2270E 05}4 1 52106% 108 g@%/ ‘ 6.60E-06
| 2 ‘3035;05 | 11]/1/% 331E05(/ :/50%  110.74% i 6.60E-06
t" 3 ‘ 3.04E+05 | 15. 20|  446E-05 | _46_3._093/3_ _1223% 5‘5075_06 |
;‘ 4 W( 3'05:;%5_75 —18 81|  5.56E-05 41.80%  111.01% 660E06 l
| 5 |306E+05 12295|  666E05 |  40.26%| M270% | 660E-05 |
6 |so7Evs 2661 TTEGS | 3BO%_ 120% | oeomos |
| 7 awees su|  ewEss | %o mam | agomes
s | 3.08E+05 3337 | 989E-05 | 3405%  100.55% | ©60E-08 {
9 3.09E+05 05| 110E04 | A ez ' 6e0E0s
B 10 | 3765E+05! so1) 2B | 08N 10440% | Gegrgg |
6
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M [9108405 (4185 4 g0e snoow|  10219% | @eoE |
Table 8: Paramaters of canstant Pressure = 7 by
1{’ Trial | M Expected " 1 6\(/)&'—-06
. oum, d?,'g‘:)P W (‘;\:“W;‘“ﬂow rate " overall pump | \'/ﬁw":\%t;'j | (m3/rev) |
|1 ! 712ee0s 1p4g) R emde/ncy B! c:w j 6-99?9?.....*-»;
2 v e e T s0E08 |
| s 2461 | 327E05/ _/B4.75%  107.13% oo
| 3| TO04E405 | 3403 | 4.35E-05 50.70%|  111.24% ~ 6.60E-T5 |
4 7.5E+05 4409 | 551E-05 57.26%|  111.90% SE0ED0
5 TASEY05 5243 | 6.64E05 54.05%|  110.38% 6.60E-06
i.‘____ufi ; 7.06E+05 | 8001 | 7.708:05 . 53.11%|  110.38% | 6.60E-06 1
| 7 | 7.07Es05 6834 | B.80E-05 51.39%|  100.85% | 6:60E-06 |
L 8 -w} 7.08E+05 | 7552 | 9.91E-05  50.01% 107.62% v_'_i___,m4“_,{5,-_6‘9!_3:_9'5”“‘i
9 7OBEY05 8142 | 1.10E-04 4818%  10444% |  6.60E-06 i
. 10 | 7.09E+05 | 88.63 | 1.21E-04 46.16%|  103.12% 6.60E-06 |
41 | 720me0s | 9600 | 132504 45.2§% 100.93% 6.60E-06 |
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Figara 5 1 Flow rate against speed for 2 values of prassure: 3, 7 bar,
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Figure 6 :Shaft power against speed for 2 values of pressure: 3, 7 bar,
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Figure 7:: Overall pump efficiency against speed for 2 values of pressure: 3, 7 bar. i
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g : Overall volumetric efficiency against speed for 2 values of pressure: 3, 7 bar.
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Discussion

At constant speed = t
=7 . ; flow're ™
rev/s and 18 rey/s Jif the pressure difference lncreasesttr:f rf1|c§rv]vera’(e also

starts to decrease that
- at is shown i Sl
raises at constant pressure diﬁelrnegzﬁgure(1),but MRmRSESEE

a shaft

From i
the figure(2),when the pressure difference increases the work done to rotate bt
o

connected to the system(shaft i i shaft
much higher than low on(e. power) increases. At constant high speed, the 2
From figure (3)

The best volumetric efficiency for the speed =7 revis is 116.55% when the pressure difference
1S 4.05*10%5 pa .

The best volumetric efficiency for the speed =18 rev/s is 108.72% when the pressure difference
Is 5.05*10%5 pa

The‘volum_etric efﬁcie_ncy effect by flow rate so that the flow rate increase the volumetric
efficiency increase with constant Vs. and constant speed ,then the pressure difference start to
decrease. Also, the low speed values have a greater volumetric efficiency.

The overall pump efficiency affected by hydraulic power (that is affected positively by pressure
difference between delivery and suction, and affected positively with flow rate) and shaft power.
Increasing the flow rate will decrease the pressure difference, so that the most effective term is
shaft power. If the shaft power is low then we get high overall pump efficiency

From graph(4),low speed help the pump to have higher efficiency.

Part 2 : The Effect of Speed at Constant Delivery Pressure. 7 i

" At constant delivery pressure 3 bar and 7 bar, as shown in ﬂgure(f and figureg\, if the speed
increases the flow rate also increases.

It is noticed form figure(5) that increasing of flow rate with_increasing speed at constant delivery
pressure (3 bar and 7 bar) is the same, so the value of delivery pressure does not affect very
much when the increasing of flow rate is desired ,but the speed of the pump is important.

(6), as the speed increases, the shaft power also increases.
; 8) The hydraulic power is also increases with i '
shown in table (7) and table (8) The hyd . th Increasing spee
Q:d that can be explained by the relatlonghlp between hycjrauhc power and flow rate, h)?drrilauliéj ;
ower affected by delivery pressure-suction and volumetric flow rate, so when the delivery
Sressure is constant and the speed is increasing, the flow rate will also increase sg that the

ic power will increase. .
Eﬂflfjig%fe ), itis noticed that the major trend of Overall pump efficiency curve is decreasing

with increasing speed.

A shown in figure

10 i
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Th , _ ;
he%l?r\:\e;;?::q:,,glrgzetrl'ctefﬁCienCY affected by flow rate (direct celationship) and speed 0
iti relationshi
bar isﬁl;ag r fr?m figure (8), that the best Overall volumetric efficiency achieved at P2
Andihe b.;’é)t /g) at a speed of 10.08 rev/s, % at a spee q
é ?.35 rev/s. Y‘«e)ré” volumetric efficiency achieved at P2=7 baris 111.90%
e l .
oy hese values the major trend of efficiency curve is increasin

Speed, but after these va| : \ :
i i ues the urve is
INCreasing the value of speed. HElRTAROSier BERNEE

g with increasing
decreasing with

Conclusion

Part 1 : The Effect of Delivery Pressure at Constant Speed.

-For the vane pump, increasing flow rate will affect the pressure difference between delivery and

suction decreasingly.
-There is a lot of factors that help us to select a positive displacement pump at constant speed:

Flow rate, pressuredifference, volumetric and overall efficiencies.
- At constant speed, if working under low speed conditions is achieved then the overall pump

efficiency will raise.

Part 2 : The Effect of Speed at Constant Delivery Pressure.
_The rate of increasing flow rate with increasing speed is the same at a different constant

delivery pressure.
_There is a lot of factors that help us to select a positive displacement pump at delivery

pressure:
Flow rate,speed,volumetric and overall efficiencies.

-Increasing speed keeping higher constant value of delivery pressure yields to higher overall

pump efficiency.
-Increasing speed keeping lower constant value of delivery pressure yields to higher overall

volumetric efficiency. v

11
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Appendix

Taking the first row from cach table:

At constant speed =400 rev/min
L\P= Pz - P]
= (2-(-0.05)) = 2.05 bar = 2.05*1 075 Pa l/

o Q,(m%s)=Q,(L/min) * ( - )

60+1000 iy B
)/ \a'
=5.07*10™5m3/s geo Yowr
o W,=AP*(Q,

=2,05%1075 * 5.17*107-5=10.59 W (/

N P e Speed (rev/s) = sp'c9(l (rw) ) / 60_ EﬁC’PGJ -ec - \o>o¢4> T

=404 (rev/min) / 60 = 6.73 rev/s -
N —t

=73 ]*
60+1000

e Expected flow rate = Vg * Np
\/5.:\6.6"‘ lO’\_-G*aﬂ = 4,44%10"-5m’/s ' _\\:I)

wP -5
e Overall pump cfficiency : np= (%)*100 Y L(ulox o 23 5
10.59 _ p L™
= *100% =37.83% 7~
| PP @y 100
e Volumetric efficiency : nv= (VS NE
ST 10754 1 00%= 116.4%
_f44e107-5 ° bee®™
At constant speed =1100 rev/min
\5‘7" v_ﬁ%

v
AP= P> =P ~ . ,((\
= (2-(-0.11)) = 2.11 bar=2.11*10"5 Pa QOVM\)/

\

& ‘ \/\
\ . \S
\ Lb'bdlz
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Abstract

g elements called

Any pumping job ca i i i ' fi
g ] nbe done with roto-dynamic machines, having rotatin D) or axial flow.

impellers. Roto-dynamic machines are classified as radial, mixed (centrifuga -
Centrifugal machines are preferred when high pressure d.!x’fferences( are required. Very hlgh 'prerslsurc
may be produced by multi-stage radial flow machines. The air compressor for a jet €ngin® B : of a
example of multi-stage fan. The Objective of this experiment is to examine the performanc
radial flow rotor in air over a wide range of operating conditions for impeller
with radial blades. The relationships between parameters was plotted. A sample
At a speed of 1050 rpm and gate opening 100%

Force(N)=1.8

Q (m3/s)= 0.04

delta Ps (Pa)= 9.41

At power (W)= 3.47

Net efficiency= 0.22

of main results :

Scanned by CamScanner



o
Results povereenettt ’
se 0
........................
*reseecesny seer’
U TUUPPRUP PP PP
..................... cesrvesasconee 7
is
......
---------------- saeev
..............................
Sy AR VG Eent sy e — 3
e R s s T e
on veesen
......
------------------- R AR
S e s S,
.................................... 9
BREMICAS e ;
.......
T rresiaEe
I B T T LT L e
.........
An ........ 1
e 0
L e PP P P R L L L L
.................. et eereenenes [UUUTTUTTUTUT ST PP TEL
..........................
/.
,‘;
>

Scanned by CamScanner




Results

Table 1: Raw data

TK)

289.15

atm.p (pa) | 99500

torque am(m)| 0.179

density

1.199

Table 2: Data and results from experimentalwork at speed = 1050 rpm

: i -h2 e h3 |
gate h1(mlet) (su;:tion) ~ (discharge). .
‘opening | mmH20 | mmH20 | mmH20
100 | 5 6 2 08 | 080 | 9.41 | 0.04 | 347 | 1675 | 0.22
90 5 6 2 0.8 | 0.80 | 9.41 | 0.04 | 3.47 \ 16.75 | 0.22
80 5 6 2 0.8 | 080 | 941|004 | 347 | 15675 | 022
70 5 5 3 08 | 080 | 9.41| 004 | 347 | 1575 | 0.22 ‘
€0 4 4 3 08 | 070 | 823|0.04 | 272 | 16.75 | 0.17 J
50 4 4 3 08 | 070 | 823|004 | 272 | 1675 | 0.17
40 3 3 4 0.8 | 0.70 | 8.23] 0.03 \ 2.35 | 16,75 | 0.15
30 2 2 5 0.8 | 070 | 823 | 0.03 \ 1.92 | 16,75 | 0.12
20 1 1 6 0.75 | 0.70 | 8.23 | 0.02 \ 1.36 | 14.77 | 0.09
o ; 5 . 05 | 070 | 823 | 0.2 | 136 | 085 | 0.1:_;»&__,_\
- \/" ‘//I,,,
1
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rable 3: Data and results from experimentg| work at speed

= 1520 rpm

= - —%‘J\ 11 | 200 |23.52]| 0.08 | 15.52 ﬁz——’z:—:%“
= TT %_z\_ 11 | 200 |2352]|0.08 | 16.00 %3_5_, __(.)_;q-—
- - TG___T\ _:: 2.00 |2352| 0.08 1:.22 —;:;T
o TTT ; 2.00 |23.52| 0.08 | 15. ____._———BT
11 | 210 |24.70 | 0.07 | 14.69 | 31.35 -

S I L N T 9 11 | 210 |24.70| 0.07 | 1351 | 31.35 | 0.43
40 8 9 12 11 | 210 |2470| 0.06 | 11.52 | 31.35 | 0.37
30 6 7 15 1.1 2.20 |25.88| 0.05 | 10.45 | 31.35 | 0.33
20 3 4 17 11 | 210 |24.70| 0.03 | 7.06 | 31.35 | 0.23
10 1 2 19 11 | 210 |24.70| 0.02 | 407 | 31.35 | 0.13

Table 4 : Data and results from experimental work at speed = 2150 rpm

- gate | hi(inle |

opening | -
100 29 30 2 2.7 | 320 |37.64| 0.11 | 3343 | 108.86 | 0.31
90 8 29 3 26 | 320 |37.64| 010 | 32.85 | 104.83| 0.3
80 27 28 4 24 3.20 |37.64| 0.10 | 32.26 96.76 0.33
20 25 26 6 22 | 320 |37.64] 0.10 353;0__?35‘
60 21 23 9 21 | 320 |37.64| 0.09 | 28.45 \34?;7— 0.34
50 18 19 14 2 | 330 |3882) 0.08 | 2746 | 80,04 | oaq |
40 14 15 16 19 | 310 |36.46 0.07 2@ WTE‘
- o 1" 23 10| 340 130.99| 006 | 1979 | 641 | ooy |
o 5 6 26 15 | 320 |37.64] 004 |13 m"“oz‘a‘-
10 2 2 30 14 | 3.20 3@&&&_5?47‘0*16\-

| 644 | 0.
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@ hout-hin(em 170) & rir povier (V)
= == % ___.___-—-——‘.‘
/
0.02 0.03 0.03 0.04 0.04

Q (m*3/3)

Figure 1: (hout - hin), total air power, against (Q) at speed = 1050 rpm

@ (hin-hout)/N*2 A Arpower/ N3 B netefficiency

A A A A A
2.00E-04 2.50E-04 3.00E-04 3.50E-04 4. 00E-04

0.00

Figure 2 : (hout - hin)/N2, total air power IN3, and (n) against (Q/N) at speed = 1050 rpm.

@ (hin-h out ) / N*2 A Alrpower /N3 E net efficiency

i
be - Py - o o

s

0.0 4 > 00E-04 3 OOE-04 4.00E-04 5.00E-04 4

4+ (hout - hin)/N2, total aif power /N3, and (n) against (Q/N) at speed = 1520 rpm.
Figure 4 : ) ’
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® hout-hin(cmH20) A Airpower (W)
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|
|

3000 -

2000 -~

Q (m*3)/s

Figure 5 (hout - hin), total air power, against (Q) at speed = 2150 rpm.

® (hin-hout)/N*2 A Airpower/N'3 B net efficiency

0.1 ———f——

H

-— - A - Y-S aloan
1.50E-04 2.00E-04 2.50E-04 3.00E-04 3.50E-04 4.00E-04 4.50E-04

Figure 6 : (heut - hin)/N2, total air power /N3, and (n) against (Q/N) at speed = 2150 rpm.
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Table 5:Calculated Parameters for speed 1050 rpm

1 out ) / N

1\“'\ FYPS A 76y PN IAAS A it L o
AL DOWer [ uF.‘!’ 2 NOL (-’-iﬂi"ﬂvm?

6.49E-04 2.61E-06 022 | 4.02E-04
6.49E-04 2.61E-06 022 |4.026-04
6.49E-04 2.61E-06 022  |4.02E-04
6.49E-04 2.61E-06 022  |4.02E-04
5.68E-04 2.04E-06 0.17 | 3.60E-04
5.68E-04 2.04E-06 017 | 3.60E-04
5.68E-04 1.77E-06 0.15 |3.11E-04
5.68E-04 1.44E-06 012  |2.54E-04
5.68E-04 1.02E-06 0.09  |1.80E-04
5.68E-04 1.02E-06 0.14  |1.80E-04

Table6: Calculated parameters for speed 1520 rpm

f 1 o | ; yoEs 4 i _‘ ik § “‘ -
th In - h out )/ N2 " Air power [ N°3 net efficiency | C

7.74E-04 3.84E-06 0.40 | 4.97E-04
7.74E-04 3.96E-06 0.51 |5.12E-04
7.74E-04 3.84E-06 0.49 | 4.97E-04
7.74E-04 3.72E-06 0.48  |4.81E-04
8.12E-04 3.64E-06 0.47 | 4.48E-04
8.12E-04 3.35E-06 043  |4.12E-04
8.12E-04 2.85E-06 037 |3.51E-04
8.51E-04 2.59E-06 0.33 | 3.04E-04
8.12E-04 1.75E-06 023 |2.15E-04
8.12E-04 1.01E-06 013 | 1.24E-04
.

oudalllicu vy valliouvaliicel




Table7: Calculated parameters for speed2150 rpm

0= nout ) / N2 Air power / NA3! net off

6.19E-04 2.93E-06 0.31 | 4.73E-04
6.19E-04 2.87E-06 0.31 4.65E-04
6.19E-04 2.82E-06 0.33 4.56E-04
'6.19E-04 - 2.72E-06 0.35 4.39E-04
6.19e-04 2.49E-06 0.34 4.02E-04
6.38E-04 2.38E-06 0.34 3.72E-04
5.99E-04 1.97E-06 0.29 3.28E-04
6.57E-04 1.73E-06 0.31 2.63E-04
6.19E-04 1.21E-06 0.23 1.96E-04
6.19E-04 7.68E-07 0.16 1.24E-04
6
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Discussion

rers enerdy from

An impeller is a rotating component of a centrifugal pumpP which trans

the motor,
Knowing the performanc i

e of the impeller in the fan depends ©
parameters such as gate opening and flow rate, velocity. power,.--

ow rate is air power;

n the operating

as shown

For speed 1050 pm, the more value that affected with fl

s fow s eter
? s flow rate increase the air power increase, while the change in height of manem
or discharge and suction (hout-hin) is increasing slightly.

se highly.

driving the flow to increa

hin) and Q. Increasing both of them will

If the difference is small that will not
Because the air power is function of (hout-
increase the work done from the fan.

The volume flow rate per angular velocity, at low velocity(1050

parameter for the efficiency of fan that play a significant role in
See figure(2).

rpm) is @ proptionaly
the performance of fan.

(hout-hin) is proportionally increasing with
050 rpm because increasing the velocity

For speed 1520 rpm,also the air power and
so the flow rate then increase and

flow rate but the values is larger than speed 1
of impeller will increase the difference of (hout-hin)
the air power follow up this increasing. See figure(3).

From figure(4),as @ resulting of increasing the flow rate the e

much higher than speed 1050 rpm.
The speed of impeller is a proptionaly a parameter that control the performance of the

fan.

fiiciency of the fan increase

Also the samé results for velocity=2150 pm, from figure (5, 6).

his test to predict the performance of a geometrically similar pump, because

We cannot use t
pump i used for liquids not gases.
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Conclusion

= As volumetric flow rate increases the total air power also mereas

bhecause

TP np,
. ) s T similar pul

= We cannot use this test to predict the performance of a geometric ily (
pump is used for liquids not gases.

|
low speeds. ;1
- The force (N) is approximately not affected by changing the gate opening for

-The net efficiency decreases as the gate opening decreases.
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Appendix

Sample of calculation (10)

p: The density of air (k—‘(’;)
m

3
Q: The volumetric flow rate (r_n_)
s

Pa = The atmospheric pressure (r—nN?’-)

APs = Fan total pressure (Pa)
I = Torque = Load * 1
N: Angular velocity

K- Brake constant,assuming k = 1

oy = P2
densi =TRT

99500

p=gmarsezm— MR

1. Speed=1050rpm
APs = p.g- (hout — hin)

APs = 1.199 ¥9.81 * (2 - (—6)) *9.80665 = 9.41 Pa

6 hT)é
Q =1.1 (Pa

2
6% 0.1# 289.15)2 _ B
Q = 1.116* 799500

9.81 (hout — hin) X Q

Air Power =
) + 9.80665 * 0.04 = 347W

Air power = 981 (2-(=6)

vl
10
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N
Shaft power = IE

Shaft power = 0.179 » 110 x 0.8 = 15.75 W

Total alr power
Impeller power

The net ef ficiency =

The net efficiency = 135—% = (0.22

2. Speed=1520 rmp
APs =p.g. (hoys — hy,)
APs = 1.199 x9.81 « (2 — (—18)) +9.80665 = 23.52 pa
hT 1
= 1.16(—)2
Q 6(5,)z

16 + 0.1 x 289.15
99500

3
_ 2
Q=1.116+« ( ) = 0.08 m3/s

Air Power = 9,81 (hout = hin) X Q

Air power = 9.81 % (2 — (=18)) x 9.80665 + 0.08 = 15.52W
N

Shaft power = IE

Shaft power = 0.179 * 159.24 * 1.1 = 31.35 W

Total air power
Impeller power

The net ef ficiency =

- 15.52
The net ef ficiency = 3135 - 0.49

3. Speed=2150 rpm
APs = p.g. (houe — hin)
APs = 1.199 +9.81 = (2 — (—30)) *9.80665 = 23.52 Pa

p hT 1
— e 2
Q=1.1 (Pa)
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1
. 2.9 x 289.15\2
= 1.116*( ) _
¢ 59500 ) =0.11m/s

Air Power = 9.81 (hous = hin) x Q

Alr power = 9.81 « (2 - (=30)) % 9.80665 * 0.11 = 33.43W
Shaft power = 1%

Shaft power = 0.179  225.24 « 2.7 = 108.86 W

Total air power
Impeller power

The net ef f iciency =

3
The net ef ficiency =
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