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THEORY

For this experiment, we use a machine capable of sending water through a single line of flow,
flow in parallel, and flow in series. Pressure readings at different points in the machine allow us
to analyze changes across different types of flow. Figure 1 shows the layout of the machine.

—pkg

Outlet (dalivery) Valve

Two-way Valve

Venturi Mate

Filters Strainers

\ , One-way Valvas »

I/ Rasarvoir

Figure 1: Fluid Pathways Provided by Experimental Machine.
Note that the different paths allow for 3 different types of flow: single,
parallel, and series.

For single-line flow, the pressure drop across Pump 1 represents the total head. This is
expressed as:

= P1(out) = P1ain) (1)
For parallel flow, we must consider both pumps. The total head is given as:
Pyin) + Pain)
= (Pyoury + Pagour)) — % (2)

For flow in series, we again consider both pumps. The total head is found using:
= P2out) = P1ain) (3)
To find the total mechanical power of the input, we use:

_2mNT
17 60

(4)

W, = total mechanical input power of pump
N = revolutions per minute (RPM)of pump
T = torque
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To find the hydraulic power of the pump:
W, = (5)

W, = hydraulic power (horsepower) of pump
H = total head (varies based on flow pattern)
Q = flow rate (discharge)

To find the overall efficiency of the pump:

To find the flow rate:

(7)

Q = flow rate (discharge)

C4 = coefficient of discharge (0.97)
A, = venturi inlet area

AP = pressure drop

p = density of fluid

A, = venturi throat area

Using similarity laws and dimensionless analysis, we derive the following 4 equations:

Table 1: Dimensionless Characteristics of Flow

Solved parameter Equation #
Flow coefficient Co = ¢ 8
Q N,D3
. gH
Head coefficient Cy = W 9
. W,
Power coefficient Cp = W 10
N,.D?
Reynold’s number Re =27 11
U

These are the concepts utilized during this experiment and its analysis.
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APPARATUS

Figure 2: Two-Stage Centrifugal Pump System and Other Apparatuses used in
Experiment

Depicted below is the experimental machine used to collect the data. Not depicted is a
thermometer used to measure the temperature of the water.

EXPERIMENT PARAMETERS
1. Outlet Pressure & Inlet Pressure (Ib/ft"2)

The difference between them is the total head.
2. Discharge (ft*3/s)
This is the flow rate.
3. Input Power & Output Power (ft --- Ib/s)

These were recorded from the machine used during the experiment.
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4. Coefficient of Discharge
This is a given value. The coefficient of discharge is 0.97.
5. Flow Coefficient, Head Coefficient, & Power Coefficient
These can be calculated with equations from the theory portion of the report.
6. Torque (Ibf*ft)
Torque can be found with the input power and an equation listed in the theory section.
7. Density (slug/ft*3)

The density recorded of the water used in the experiment is based on the temperature being 20
degrees Celsius. The density of the water is 1.94 slugs per cubic foot.

8. Pressure Drop (Ib/ft*2)
This is the change in pressures calculated in the experiment.
9. Efficiency
This is the ratio between the output and input powers.
10. Net Pressure (Pa)
This is the pressure change across the pump.
11. Impeller Diameter (ft)

This is a given value. The impeller diameter is 0.37 feet.
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Table 2: Two-Stage Centrifugal Pump Characteristics Collected data — Single Pump Test

Below is the data table of recorded data from the single pump test. The parameters measured
were pressure, pressure drop, torque, speed, and power.

P2 |P3|P_4|AP |Torq. | Pump1 W_1
Speed (N_1)

_ A1 n7 17 | 15 | 74 X 5

| -.30n _ | .wo | 301¢ L

L - T ' )1

-22 |.ou | .yO |.u4 |.DD | 3UZb ]

Table 3: Two-Stage Centrifugal Pump Characteristics Data Sheet — Series Pump Test

Below is the data table of recorded data from the series pump test. The parameters measured
were pressure, pressure drop, torque, speed, and power.

P2 P3 P4 AP | Torq. | Torq. | Pump1 | Pump2 | W1 w2
(1) (2) Speed | Speed Pump | Pump
(N1) (N2) 1 2
- AC 2R 21 21 72 QN 20aa7 22NNN ’)47 ’)52
e i Lie e | wvon L. 2 ]
T 76 13000 | 3004 25 [240 |
-3Z | A1 e e 219 |
-24 |71 [196 [.06 [.58 |.60 [suic 1185 | 1¢

Table 4: Two-Stage Centrifugal Pump Characteristics Data Sheet — Parallel Pump Test

Below is the data table of recorded data from the parallel pump test. The parameters measured
were pressure, pressure drop, torque, speed, and power.

P2 P3 P4 AP | Torq. | Torq. | Pump1 | Pump 2 | W1 w2
(1) (2) Speed | Speed Pump1 | Pump2
(N1) (N2)
“t o 1-51 | 43 42 | .66 .61 30 a
-21 [-31 .93 | .- TRl TAA]
-1
-12 |-14 |14 1.03 |.35 |.31 ]3032 | SUz— | 1wy

Table 5: Two-Stage Centrifugal Pump Characteristics Data Sheet - Calculations

The data table below shows the calculated net pressures, discharges, output powers, and
efficiencies of the five trials of each of the three tests.

| Test Type

|H

Ko

W 2

n |
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| £3000 09 20 192
|+ 3000 05 ) A
Single Pump | € 1000 .07 1.9 )
| €000 .08 141 L
1 8000 .01 175 £
| 7 000 A7 12 4
19. 200 A2 25 5
Series Pump | 1. 1000 13 26 7!
| 17 -000 05 319 9
22 000 .03 218 1.1
84 10 18 25 R
941 10 15 233 1.4
Parallel Pump 11¢ 100 27 €4 2. ¢
14C 00 23 €25 4. ¢
153.00 3 3 ¢ ) 6. ¢
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DISCUSSION
EXPERIMENT PURPOSE

The purpose of this experiment is to observe the performance of a single, series, and parallel
connected pumps. From our results we obtained that series pumps had the advantage when it
came to achieving a high net pressure(H). Parallel connection provided higher efficiency with a
steadier discharge of the higher flow rates.

REPORT QUESTIONS

1. For the Single Pump Test, explain the performance (relation between efficiency, head and
flow rate). What do you think is the best efficiency?

From our results we can see that efficiency drops off when the flow rate increases. Flow rate
also has an impact towards H and head coefficient. As flow rate decreases both H and the head
coefficient increase. We believe that the best efficiency would be around the 80-90% range
since the input power increases with a worse efficiency with a lower head coefficient.

2. Compare the performance of series and parallel pump tests against the single pump test.

Both the series and parallel connections tend to achieve a higher H compared to the series
pump. The single pump provided slightly better efficiency compared to the series at the with
their respective flow rate until they both ultimately achieved better efficiency. The parallel
connection yielded a higher H, higher flow rate, and better efficiency to the single pump.

3. How does the total head curve change by parallel and series connections?

The difference in the total head curve between the two is what makes each connection unique.
A series connection would have a summation of the heads depending on how many pumps are
present. This would result in a much higher head. In a parallel connection the pumps connected
would experience the same head in each. The total head curve would be much higher for a
series connection compared to parallel.

4. How does the efficiency change by parallel and series connections?

In our results we found that the efficiency of the parallel connections was much higher
compared to the series connection. Pumps in parallel are more efficient and provide a steady
discharge while series instead in return provide a higher head.

5. Do the efficiencies of this experiment match with the typical large industrial pump efficiency
(which is normally about 75%)? Why or why not?

We range of our efficiency varied but found with the curve that our most efficient percentage
was close to the large industrial pump efficiency. From our single pump and series connection
we saw the most efficient from the results was in the range between 80-90%. Our parallel
connections exceeded the percentage. The efficiencies are close but do not match since this
experiment was at a much smaller scale.

PRACTICAL APPLICATION

This experiment observers the different behaviors between a single, series and parallel pump.
In a practical application, to overcome a very long pipe with a high friction loss or a pipe set up
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with a high static discharge head, the type of pump would be important. In the experiment we
saw that the series pump had the advantage of producing a higher net pressure (H) than the

parallel. In this case we would want to use pumps in series to successfully transport the fluid

over the very long pipe or pipe with a high static discharge head.
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DATA APPENDIX
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CE3105 Mechanics of Fluids Laboratory  Department of Civil Engineering Texas Tech University
Experiment: Two Stage Centrifugal Pump Characteristics -

Data Sheet
Date of Experiment: Name:_
Temperature of water, 1= °Celsius Water density, p = (Ib/ft3)  Gravity, g= 32.2 (ft/s2
Single Pump Test:
P2 (sav) | P3 Pa apP Torque | Pumpl Wi H Q v/ O ‘ n \
(1) (N1) e~ «la -
= 1.0, .o%F -7 alS 34 3010 23s S% .09% 1=0.23 ‘ bl oo \
-5 -3° -3 -1 .3 10> 220 392 .08S 132,449 l 85% \
—.30 =it R .09 .66 30 a0 10 5 14,54 l agv J
-.a% s¥ 1 oF = 3017 201 a9 | e8| ive.sa | quve |
--11 30 .96 o1 T 3229 133 O | S e | e |
Series Pump Test:
P. P3 Pa AP Torque | Torque | Pumpl | Pump2 | Pumpl | Pump2 \ \Qw/ W2 \ n \
’ - (1) (2) {N1) (N2) W1 ‘W2 s € /s
[=54 — 20 s T4 %D 299 2000 | 2ur  [asa2 | w0 Lo [n] = ue s
[_-‘ﬂ, - e o0 |37 1 [ 2113 [ 2ee2 ]21= |29+ [ 12 |2 |2 | |
- 07 |-.v0 P10 +5 £ < aan <004 235 l 210 ‘ 21 ‘ 103 lass.sz‘ -=p“n.~/~
- ; - : ; [ 1™ ‘ 0eS \w,qv..w \—r- \qwa
o qi (.12 1 L3 41 3o0b S9le 215 211
: S| T 0% o w015 | 2018 | 135|188 | 230 |cex Jaermi[=e |
.91 ¥ 4 = 2 - =
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CE3105 Mechanics of Fluids Laboratory ~ Department of Civil Engineering Texas Tech University

Experiment: Two Stage Centrifugal Pump Characteristics - Dat=> €~~~

Date of Experiment: .~ __ . = __ Name:
Parallel Pump Test:
Pyl Pa Avg P. | AP | Torque | Torque Pumpl | Pump2 | Pumpl Pump2 |H Q W2 |n
Inlet (1) (2) (N1) (N2) | Ws W2 s :.v\w s
Press /
=R ot | 31 R 8 ) ab 3005 Ze02 | 210 ’34 ’ﬁ /,_: /.:;.: 999
I e N b M L L ,_3 /f /;.; Tﬁ.ﬁ/ 115«
Mt /sﬁm/ Ak

| Rl ST O T— / /

0 {3 ;

BRI Zon] - 151 s | R 34 T:; ER ) /_,. T /,E.:/,ED
1| ’«3# 1024 ’ \[Fzl ’So / /.a}/._s,&/ W2Yo

ped

T L e e S

LI ek

dock
structor’s Signature_ Don Bundoc
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-1

CE3105 Mechanics of Fluids Laboratory
Department of Civil Engineering
Texas Tech University

Experiment: Two-~ al
Date of Experimer lar
Experimental D
Temperature of water, T'= celsius (TWQ m HZ
Water density, p = (Ib/ft3)
Gravity, g= 32.2 (ft/s?)
Single pump Test: Aﬁ\..S v 3 mh«.:b v
(pst) (psk) (p5f) (psf) (No-i) /s) ey (755 (1%
P, P; P, AP Torque Pump 1 Speed | W, m..—ﬂ Q W, 1
var |bac | bar | bar (M) rr ,
041 [0F [01F 0I5 034 20\0 rPM 225 [S5%  [0.0993/V20 |04z
“0.25 |0.20 [0.H% |04l |[03RW3 2012 v [7Z0 (383 [005D)IZE 10951
-0.20 [0o.47 [0.D [0.09 |[OLv 20 P A o o009/ 145 |0.a%0 |
~02% |05F |O0F |[00% |0.03 201F (pm |ZO\ a9 oouE IO  |0.q43
077 080 [O0.9p [004 [O.28¥B5 [3024 rpm \41 [hg o513 (120 |0.465
T
5
noty

Instruetar’s Sionature
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Series pump Test:

P, | P; | P; | AP | Torque | Torque | Pump 1 Speed | Pump 2 Speed Pumpl | Pump2 ,
® @ | (N2) W, W \¥ |
-0U4 028021 02 [03%  |O%0 2 73 cpn | 3000 pM ot 252 @ W T2 |05

-OMel-0N3 [cMe[0Ng (0% 039  |72993 (pn 200Z. (p 207 |zZ4=3 |aL iz [Z15 A
124 [i03 [Zb 0F5 |

N[0 0Fo@n ode (035|030 [Bo0o oM [zood e (235 [ZHO |
OaL[OH \uZ[oMl o8 [O.k4 200l (PM™M Z0\0 rpm 215 Zi4 74 0850309 (0. 4UZ |
A0 1au o [05% 000|205 rpm [ 201 oM 85 188|720 |.0wz3 |26 [\.05 |

Parallel pump Test:

P, | P; | Avg. Inlet | P; | A P | Torque Torque| Pumpl Pump2 Pumpl | Pump2|H | Q | W2 |y

- Pressure (1) (2) Speed Speed W, W, K
OMZ| O\ (INy) (N2)
L0 051 [~ ol O3 e O [OWL | 2005 rom | 200Z P | Z10 ad [ (g 7a5 480

-0.2% -0.u4u|-0.2 05303 (0.0 (058 |20 mpm | 2005 rem 200 \25 quy 145 [2%3 1725
0.7\ [0 [- 0o 0507|053 |OHAA | 2013 tpn [ 201 rem |30 50 | |4%F|ed 1255
<015 [~020|~0.\35 122 000 |Odu|0.24 | 2015 pm | 2014 rem | 153 \ZH ue 733 |25 1425
-002 -G [-C0D U0 [0.05 |02 |03 | 20352 cpm| 2024 rpm| W2 \00 153 |20% [9uA (1.8 |
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CE3105 Mechanics of Fluids Laboratory ~ Department of Civil Engineering Texas Tech University
Experiment: Two Stage Centrifugal Pump Characteristics - Data Sheet

Date of Experiment Name:___

Temperature of water, T=__ .0 oCelsius Waterdensity,p=___ (Ib/ft3) Gravity, g= 32.2 (ft/s2

Single Pump Test:

P; P; Pa Ap Torque |Pumpl |W; H Q W; n
Do (1) | (v
gl -.9ll co7 |17 s 7Y 30107 235

- C r3 5. R

- .30 17 60 07 o . e

- 1% .57 .7 . O .83 2007 o

.27 30 4¢ oY -2 Ry | 7

)

Series Pump Test:

P, P3 Ps AP | Torque | Torque | Pumpl | Pump2 | Pumpl | Pump2 | H Q W, n
(1) {2) (N,) (N2) [W; W,
~ M1 |78 AV A 79 |90 (2997 |36 | U7 |5

L] -1 “Ja

7 (O > 47 211

-\ ‘ ! . L1
: Ul T U~ P 7 . —

~ 3u L IR - L4 . 69 Jooé 301t &S 2l 9

- . </ /A 9 .\ ¢ a4 | % qc | <&

) 1M N f\l "'Jé . 06 . g@ .40 3015 301 i > |

Page 1 0f 2
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o

CE3105 Mechanics of Fluids Laboratory ~ Department of Civil Engineering Texas Tech University
Experiment: Two Stage Centrifugal Pump Characteristics - Data Sheet

Date of Experiment: Name

Parallel Pump Test:

P, [P3 Avg Ps | AP |Torque | Torque | Pumpl | Pump2 | Pumpl [ Pump2 | H Q W2 |n
Inlet (1) (2) (N1) (N2) | W, W,
Press

-3 Y| .92 gf (} 7605 3002 2o | 174

Y ’HH - 3o 3905 2060 ‘lfg

-1l -3l AT 83 e ‘7@ | 15€

- 15 |-10 ar] e | 4 | e | 307 |30

T M e J3s ool Taom]3e®]in e |
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ERROR CALCULATIONS

There are not many sources of error that arise in this experiment since most of our calculations
are taken from readings of the indicators on the apparatus. Some of the bar values fluctuated to
arange of +.03.

In our results we also obtained extremely high efficiencies for the parallel connections. We were
unable to determine if this error is correct or not, but the calculations follow.

W, (153000)(. 303)
=2 and W, = (H) - W, =
=gy, mdWe = (H)-Q = W, 100000

b
-2088.54 = 969.13 ft 5

_(969.13)
" (156.88)

Thenn -100 = 618%

We also received very high values when calculating Reynolds number for the single pump.
Sample calculation for the possible error.

_ (pN,D?) _ (19368 - 315.94 -.372)
€= Ty~ 2.09 — 5

= 4009126.7

Each Re number ended up having a very high number similar to trial 4 shown above. We also
know that the efficiency should not surpass 100 but ended up with values over at the last trial for
series and many for parallel.
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SAMPLE CALCULATIONS
SINGLE FLOW PLOT

Single Flow - Input Power, Net Pressure, and
Efficiency Observed Against Flow Rate

200 1.2

©

<l . 1

v 20 4 ] . 2

5140 | A 08 =

$ 120 |'m A g

& 100 0.6 =

5 - . 9

= 80 n c
04 2

& 60 m 43S

—_ 4=

2 40 0y &

= 20

G

= 0 0

g o005 0.06 0.07 0.08 0.09 0.1

[e)

o Flow Rate (ft3/s)

® Input Power (ft-lb/s) M Net Pressure (kPa) A Efficiency

Figure X: Single Flow Parameter Plot. Note the multiple axes.

PARALLEL FLOW PLOT

Serial Flow - Input Power, Net Pressure, and
Efficiency Observed Against Flow Rate

400 1.2

© [ ]

2350 | A ° L )

=3 a .

&; 300 ﬁ
[ ] =z

3 250 A 08 =

a | =)

— 200 A 0.6 =

2 = 2

A

g 0 - 04 -3

= 100 &=

) 0 " omlgn®

RS

5 0 0

2 0.06 0.07 0.08 0.09 0.1 0.11 0.12

[a

Flow Rate (ft3/s)

® Input Power (ft-lo/s) M Net Pressure (kPa)  a Efficiency

Figure Y: Serial Flow Parameter Plot. Note the multiple axes.
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FLOW IN SERIES PLOT

Parallel Flow - Input Power, Net Pressure,
and Efficiency Observed Against Flow Rate

350 7

& A

~ 300 [ 6
< ° 7
5 250 . 5 9
wv =
(%] o—
Q A [
2 200 ° 4>
= >
2 150 R 5 2 3 %
% 100 - 2 8
w | | o
> A =
= 50 A 1

RS

5 0 0

2 0.16 0.21 0.26 0.31

[a

Flow Rate (ft3/s)

@ Input Power (ft-lb/s)  mNet Pressure (kPa)  a Efficiency

Figure Z: Parallel Flow Parameter Plot. Note the multiple axes.

HEAD LOSS — SINGLE FLOW

Using the formula given in the Calculations portion of the lab handout:
H = (P, — P,) » (100000 P4/, )
We plug in values from Trial 1 of the single flow arrangement to obtain:
H = (017 bar — (~0.041 bar)) = (100000 P2/, )

H =21.1kPa
HEAD LOSS — SERIES FLOW

Using the formula given in the Calculations portion of the lab handout:
H = (P, — P,) » (100000 P4/, )
We plug in values from Trial 1 of the serial flow arrangement to obtain:
H = (0.21 bar — (~0.49 bar)) + (100000 P2/, )

H =70.0 kPa
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HEAD LOSS — PARALLEL PUMP

Using the formula given in the Calculations portion of the lab handout:
P, + P, p
) « (100000 P2/, )

We plug in values from Trial 1 of the parallel flow arrangement to obtain:

H=(P4_

—0.31 bar + (—0.51 bar) p
H= (0.43 bar — - ) « (100000 P2/, )
H = 84.0 kPa
DIMENSIONLESS CHARACTERISTICS: SINGLE FLOW
PLOT
Single Flow: Head Coefficient and Power
Coefficient vs. Flow Coefficient
7 0.00035
6 o m 0.00034
&5 ) - 0.00033 &
£ 4 ¢ 0.00032 &
3 S
83 ° 0.00031 o
© ()
g 2 0.0003 3
T ] o
1 0.00029
|
0 0.00028
0.003 0.0035 0.004 0.0045 0.005 0.0055 0.006 0.0065
Flow coefficient
@ Head coefficient  mPower coefficient
Figure W: Single Flow Dimensionless Characteristics. Note
the multiple axes.
REYNOLD’S NUMBER

Despite being checked, double-checked, and triple-checked, these Reynold’s numbers ended
up being ridiculously high. Table [INSERT NUMBER HERE!!!] shows the Reynold’s numbers
from the various trials. Despite being very high, they are all virtually the same, which is a good
sign.

Table 6: Reynold’s Numbers for Single Flow Trials

Trial # 1 2 3 4 5
Re 3999824.74 4003811.28 4007797.81 4009126.66 4019757.42




