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 PIPENET® Leading the Way in Fluid Flow Analysis 

Application Bulletin – Processing Industry 
PIPENET® Spray/Sprinkler Module Case Study 

Autolayout Function in the Design of 
Spherical Tank Cooling Water System  

BACKGROUND 

In a major oil refinery in the Southern United States, a cooling water system needed to be 
designed for a large spherical tank used in the refinery. PIPENET was chosen to design this 
due to the ease of use of the Autolayout feature.  

DESIGN CONSIDERATIONS 

The key design requirement was to cover the lower hemisphere of a 48ft diameter sphere 

with at least 0.1 gallons per minute (gpm) of water per square foot at every point.  

This problem presents us with a continuum of potential solutions due to the large number of 

degrees of freedom present. Namely, there are trade-offs between the flow rate, the number 

of nozzles and the distance between nozzles, although others exist. It must be noted that 

Autolayout bases its assumptions upon the NFPA15 code of practice (National Fire 

Protection Association), which states that cooling water must be delivered at a flowrate per 

unit area of 0.25 gpm/ft-2, as opposed to the 0.1 gpm/ft-2 required by the system. 

MODELLING USING AUTOLAYOUT 

The first step in using Autolayout was to set the basic parameters, namely the shape of the 

vessel (in this case a sphere) and the pipe types. The diameter of the pipes has been kept 

unset as the design phase of PIPENET can calculate these automatically.  
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Then, certain parameters needed to be input, such as the number of risers, the average 

flowrate per unit area and the separation. Two things must be noted here. Firstly, the choice 

of starting at the equator and putting the upper separation to 100 ft, ensures that only the 

bottom hemisphere is in fact covered. Secondly, the average flowrate per unit area is set to 

0.05 gpm/ft2 as the average flowrate per unit area calculated is the mean for the entire 

sphere, therefore given that the upper half of the sphere is not being covered, the average 

flowrate per unit area also needs to be halved.  

 

Following this, the nozzle was selected (from nozzles created in the library), allowing a basic 

model to be created from the input parameters.  
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If the actual flow rate is calculated from the nozzle parameters, it can be seen that the flow 

rate per unit area comes to 0.0607 gpm/ft2, which is considerably more than is required. In 

order to ascertain what the problem was, spray diagrams were used to see how the flow was 

sprayed onto the sphere. 
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As can be seen from the spray diagrams, a large portion of the flow is missing the sphere, 

due to the wide spray angle of the nozzles and their distance from the spherical vessel, thus 

wasting much of the flow. This inefficient use of flow is why the total flow used was larger 

than required, as explained earlier. In order to minimise this wastage, the nozzle to vessel 

distance was reduced to 1 ft (down from 3 ft as seen earlier).  
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As can be seen, this reduces the flow requirements on the nozzles and wastes considerably 

less of the flow, however, there are now large areas of unprotected surface. In order to 

improve the coverage, the range separation was reduced (from 12 ft to 5 ft) and the nozzles 

were moved a little further away (from 1ft to 1.5 ft). The results are shown below. 
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Now, it can be seen that there are a few small gaps in the coverage, so the minimum overlap 

was changed to 5ft (from 0ft).  

 

The vessel is now completely covered by the spray system, with each cone having a 

generous overlap (which is sensible in the event of a wide spray angle). However, the full 

coverage does not result in the required flow rate of 0.1 gpm/ft2. Thus, the flowrate per 

nozzle option was selected and the flowrate changed from 3.9 gpm to 15 gpm, resulting in 

considerably improved coverage.  
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This process was repeated in order to achieve superior results and resulted in the following 

network, which was then ready for hydraulic analysis with the PIPENET Spray/Sprinkler 

module.  

 

 

CONCLUSIONS 

We have seen how PIPENET’s autolayout feature can be used to quickly and easily create a 

working model, without the need to enter hundreds of pipes individually in order to save time 

and effort at the design stage of spray models. We have also seen that it can be used to aid 

in the design stage of the spray system itself.  

If you have any questions about this case study, or any other of PIPENET’s capabilities, 

please email us at Pipenet@sunrise-sys.com. 
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