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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 (lb/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 --- lb/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 (lbf*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 (lb/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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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. 

 

  



  Lab Report #7: Page 11 
 

   
 

DATA APPENDIX 
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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 
a range 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. 

 

𝜂 =
𝑊/

𝑊$
 𝑎𝑛𝑑 𝑊/ = (𝐻) ⋅ 𝑄  →  𝑊/ =

(153000)(. 303)
100000

⋅ 2088.54 =  969.13 𝑓𝑡 ⋅
𝑙𝑏
𝑠

 

Then 𝜂 = (opo.$b)
($ep.qq)

⋅ 100 =  618%  

 

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

 

𝑅𝑒 =  
(𝜌𝑁`𝐷/)

𝜇
=  

(1.9368 ⋅ 315.94 ⋅. 37/)
2.09𝑒 − 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

PARALLEL FLOW PLOT 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

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

0

0.2

0.4

0.6

0.8

1

1.2

0
20
40
60
80

100
120
140
160
180
200

0.05 0.06 0.07 0.08 0.09 0.1

Ef
fic

ie
nc

y 
(U

ni
tle

ss
)

Po
w

er
 (f

t-
lb

/s
) &

 N
et

 P
re

ss
ur

e 
(k

Pa
)

Flow Rate (ft3/s)

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

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

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

HEAD LOSS – SINGLE FLOW 

Using the formula given in the Calculations portion of the lab handout: 

𝐻 = (𝑃s − 𝑃/) ∗ u100000	𝑃𝑎 𝑏𝑎𝑟v w 

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

𝐻 = -0.17	𝑏𝑎𝑟 − (−0.041	𝑏𝑎𝑟)0 ∗ u100000	 𝑃𝑎 𝑏𝑎𝑟v w 

𝐻 = 21.1	𝑘𝑃𝑎 

HEAD LOSS – SERIES FLOW 

Using the formula given in the Calculations portion of the lab handout: 

𝐻 = (𝑃s − 𝑃/) ∗ u100000	𝑃𝑎 𝑏𝑎𝑟v w 

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

𝐻 = -0.21	𝑏𝑎𝑟 − (−0.49	𝑏𝑎𝑟)0 ∗ u100000	 𝑃𝑎 𝑏𝑎𝑟v w 

𝐻 = 70.0	𝑘𝑃𝑎 

  

 

Figure Z: Parallel Flow Parameter Plot. Note the multiple axes. 
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HEAD LOSS – PARALLEL PUMP 

Using the formula given in the Calculations portion of the lab handout: 

𝐻 = Y𝑃s −
𝑃/ + 𝑃b
2

[ ∗ u100000	 𝑃𝑎 𝑏𝑎𝑟v w 

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

𝐻 = y0.43	𝑏𝑎𝑟 −
−0.31	𝑏𝑎𝑟 + (−0.51	𝑏𝑎𝑟)

2
z ∗ u100000	 𝑃𝑎 𝑏𝑎𝑟v w 

𝐻 = 84.0	𝑘𝑃𝑎 

DIMENSIONLESS CHARACTERISTICS: SINGLE FLOW 

PLOT 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

 

 

Figure W: Single Flow Dimensionless Characteristics. Note 
the multiple axes. 
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