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Executive Summary
The University of Texas at San Antonio needs to expand their central chilled water
distribution system as a result of planned additions to the campus. The current
distribution system may be inadequate for the planned expansions, and the Energy
Systems Laboratory was hired to model the current system and provide inputs to
UT-SA regarding both operational changes and design changes to the current
distribution system.
Information about pumps, buildings and previous engineering reports were
collected. A field survey was conducted. A base AFT simulation model of the UT-SA
chilled water system based on 1997 loads was created. The simulation tool is AFT
Fathom 5.0. The losses caused by bends, most of the tees, pipes, valves, and area
changes were simulated. There are several tees where a no loss model was
assumed, because the built in AFT mathematical loss model does not apply under
their specific circumstance. Therefore the simulation results may be slightly
overestimated. The simulation model was compared to an earlier consultant's report
and it appeared to be reliable, consistent, and conservative, but slightly optimistic in
that the actual results could be slightly worse.
Based on the base model, eight different designs (1, 2, 3,4,4-A, 4-B, 5, and 6) were
developed and simulated. Each design studied a different tie-in location. The
simulation models were further verified by comparing Design 6 with the Jerry Smith
design. The simulation results of Design 1, 2, 3, and 4-B have negative building
pressure, so that expanding the network to the vicinity area of Science Building is
not a favorable solution. The loop should be expanded farther upstream.
Design 4, 4-A, 5 and 6 turn out to have positive building loop pressure. Design 6
requires the longest pipe length (about 1500 feet), but it appears to have the best
building loop pressure distribution. However, the construction of Design 6 could
need to go through parking lots and may cause inconvenience. Designs 4,4-A, and
5 require pipe lengths of approximately 700, 546 and 1000 feet respectively. Though
their pressure distributions are not as good as Design 6, their pipe lengths are
shorter and they all could take advantage of the crawl space and underground
tunnel; therefore, the cost could be lower.
The AFT simulation model is provided to UT-SA for their use in additional modeling
and to help plan for future campus expansions.
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Purpose of Study
The University of Texas at San Antonio needs to expand their central
chilled water distribution system as a result of planned additions to the
campus. The current distribution system may be inadequate for the
planned expansions, and the Energy Systems Laboratory was hired to
model the current system and provide inputs to UT-SA regarding both
operational changes and design changes to the current distribution
system.
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Model Development

Data Collection
In order to construct the simulation model, information about geographical distribution of
the underground chilled water distribution system is needed. Also information about size
and length of chilled water pipes, location and type of all joints is needed. The joints
include Tee, Wye, 45-degree elbow, 90-degree elbow, and all types of valves as well.
And also a proper flow rate should be assigned to each of the buildings on the loop.
Information that could help determine building flow rate is also needed.
All data used in the simulation mostly come from two sources, field surveys and
information from other technical reports. These reports include:
Jerry Smith, "Chilled Water System Hydraulic Study, the University of Texas at San Antonio", 1997
Shah Smith & Associates, Inc., "Central Chiller Plant Capacity Study, the University of Texas at San
Antonio", 1997

•

Field Survey

Mr. Song Deng of the ESL conducted the field survey. He came to the UT-SA campus,
traced all the chilled water lines, and measured all data about the size and length of
pipes, location and type of tees and wyes, control valves, elbows, and so forth. The
simulation model is built upon Song's field notes and draft report.
•

Information Collection

Information collected includes:
1.

Blueprint of UT-SA chilled water and chilled water return.

A blueprint was used to give us a geographic view of the whole campus chilled water
distribution system. The simulation model is built accordingly; therefore, the output of the
simulation will have similar look to the real chilled water loop underground. This can help
the simulation users to quickly grasp the true nature of the network. A photocopy of the
print is attached. See Appendix A.
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2.

Building Information

Building information included in this report includes: building number, building name,
occupancy date, air-conditioned area (AC area). A list of buildings is provided below:
Table 1 UT-SA Buildings' Information

Note: Some buildings do not have a BLDG #; therefore, they are assigned numbers
noted with an underline. The University Center Complex is considered to be two separate
buildings, i.e. University Center and University Center Expansion. The University Center
Expansion is assigned a building number of 583. Also the Tennis building does not seem
to be on the UT-SA chilled water distribution system.
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3.

Pump Information

The pump information is mainly from technical reports and other related sources. Pump
information is used to help simulate the building model. A summary of available pump
information is listed below:
Table 2A UT-SA Chilled Water Pump Information
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Table 2B UT-SA Hot Water Pump Information
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4.

Building Model

In order to run the simulation, a proper flow rate has to be assigned to each individual
building. In this report, the building model is determined according to technical reports
collected. Since there are multiple sources of information, each building model has been
carefully investigated to make sure the data are reasonable. The building model has
been used to compare the building air conditioned area, building pump capacity, building
chilled water pipe size and building cooling capacity, which all fall between certain
numbers based on our engineering experience and common practice. Based on this
approach, we obtain the building model listed below, which will be used in our simulation.
Table 3 Building Model Used in UT-SA Chilled Water System Hydraulic Study

Note:
The building model flow and pump information seems to contradict each other for the
Physical Plant (520) and Humanities - Social Sciences Building (526). According to
Table 2A, Physical Plant has a 1928 GPM pump, but the building model flow is only 144
GPM. For the Humanities - Social Sciences Building, its building model flow is 932 GPM,
but this building only has 150 GPM chilled water pump. Usually the building model flow is
somewhere between five and ten GPM per thousand square feet. According to Table 1,
the AC areas for these two buildings are 27,890 (Physical Plant) and 180,855
(Humanities - Social Sciences) square feet. Therefore, the building model flows should
be about 140 GPM (Physical Plant) and 900 GPM (Humanities - Social Sciences). In our
case, we chose the current building model flow and did not consider pump information in
Table 2A for these two buildings as a valid reference.
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Simulation
After all information concerning pipes, building models, valves, tees, wyes, elbows, and
their geographical distributions was complete, a simulation model was built upon these
information. In order to make sure of the validity of such a simulation model, the
simulation results have been verified by comparing with a pre-established model and its
results. After the simulation result has been confirmed, several different designs have
been introduced to predict possible results of possible expansion designs of the UT-SA
chilled water distribution systems. Based on results of those designs, comments are
presented. By comparing pros and cons of those designs, several designs are selected
as potential alternatives.

•

Software and Loss Models

The software used in the study is AFT Fathom 5.0, which is a product of Applied Flow
Technology Corp.
This software uses the most sophisticated models available to calculate losses at pipes,
tees, wyes, and other type of joints. In this study, the five main types of systems
considered are pipes, bends, tees, valves and area changes.
Table 4 Loss Models

Note:
Due to the limitations of the loss model, there are several tees, which did not apply to the
loss model. In the AFT simulation program, there are no alternative loss models to
choose. So that in the simulation, the pressure drop across these tees are simulated to
be zero loss. When evaluating simulation results, the pressure drop caused by these tees
should be taken into consideration. These tees have been marked in the attachment (see
Appendix D)
Also as far as all the Clayton valves at the entrance of each building were concerned,
they are not simulated in the AFT model. And the pressure drop caused by these valves
should be taken into consideration as well.
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•

Verification

In order to verify the simulation results, the existing system with 1997 loads is used. The
simulation results are listed in the table below:
Table 5 Simulation Result with 1997 Load

Comments:
This simulation result indicates that the whole water network pressure remains positive.
The pressure on the main circle is between 8.7psig to 13.1 psig.
A similar study has been done before. Please see Figure 2 Existing System with 1997
Load in Jerry Smith's report in 1997 (Appendix C-1).
Table 6 represents a comparison between the new simulation results and previous
calculations.
Table 6 Comparison Between ESL Model and Jerry Smith's Study

With the same set of building model flow, our new simulation results and previous
calculation results are very close to each other.
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The calculated pressure drop on the loop is generally a little bit lower than Smith's work.
The new simulation has a more detailed input than the Smith study and should be more
accurate. We feel it is of sufficient accuracy to use in the simulation of other potential
design considerations. Therefore, based on this basic model, we can develop models,
which could explore and predict all possible future loop expansion designs and estimate
pressure differences at various locations. This will help decision makers to evaluate
various options.
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•

Potential Alternatives

Here are six different designs. Comments on the simulation results are presented.
Design 1:
This design explores the possible pressure distribution if the piping system is simply
extended from the current Engineering and Biosciences Building. A 12" pipe is assumed
to be used. The visualized AFT simulation model for Design 1 is attached in Appendix B.
Table 7 Simulation Result of Design 1

Comments:
This design indicates that the current chilled water distribution system will not be able to
provide adequate water to the future Engineering Bioscience Building Phase III by simply
extending the current pipes from nearby buildings. If this is done, extremely negative
pressure will not only occur at the entrance of the future Engineering Bioscience Building
Phase III, but also the current Engineering and Biosciences Building. The buildings on
the main circle, such as Business Building, John Peace Library/ Administration Building,
Arts Building, Arts Addition, Science Building, Multidisciplinary Studies Building, and
Academic Building, will also suffer from negative building loop pressure. Under this
circumstance, loop expansion is necessary.
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Design 2:
Since the combined flow of both the current Engineering and Biosciences Building and
future Engineering Bioscience Building Phase III will total 3201 GPM, which is almost the
capacity of the current 12" pipe which supplies chilled water to the current Engineering
and Biosciences Building. There are also a lot of elbows on this branch. It is reasonable
to study the outcome, if a larger pipe replaces that branch. In this design a 16" 180 feet
long pipe is used to replace the current pipe. The simulation result is listed below in Table
8. The visualized AFT simulation model for Design 2 is attached in Appendix B.
Table 8 Simulation Result of Design 2

Comments:
It is natural to consider the possibility of replacing part of the pipes without changing the
main structure of the chilled water distribution system and maybe the landscape. This
design is the first and simplest design one can have. With a larger and possibly shorter
pipe, it may be a solution to the loop pressure problem of the future Engineering
Bioscience Building Phase III. However our study shows that this design does not work
well. The situation does improve a little in the vicinity from -22.8 psi to -8.4 psi at the
future Engineering Bioscience Building Phase III. However, the pressure on the main
circle does not improve. Since our simulation is slightly optimistic, the actual situation may
be somewhat worse. Therefore, designs which attempt to improve the building pressure
problems by using a larger size pipe on the branch without changing the loop structure,
should be abandoned.

13

Design 3:
According to Song Deng's field survey, there is a capped end of pipe beneath the
Science Building. This design takes advantage of that capped end. A 12" pipe is
designed to replace it and connect the future Engineering Bioscience Building Phase III.
This newly added pipe would join the pipe extended from the current Engineering and
Biosciences Building. This will result in a small circular pipe structure. This added pipe is
estimated to be about 170 feet long. The simulation result is listed below in Table 9. The
visualized AFT simulation model for Design 3 is attached in Appendix B.
Table 9 Simulation Result of Design 3

Comments:
This design attempts to modify the loop structure by connecting the nearby Science
Building. Comparing this design with Design 2, the pressure distribution improves. The
pressure at the Engineering Bioscience Building Phase III in this case is -5.5psi, which is
much better than Design 2; and the pressure on the main circle also improved a little,
which is slightly higher than design 2. Though the pressure at the Business Building
becomes positive, most of those buildings on the main circle still suffer from negative
pressure. This design is still not a good choice.
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Design 4:
There is a capped pipe beneath the Humanities - Social Sciences Building. This design
takes advantage of that capped end. A 12" pipe is designed to replace it and connect the
future Engineering Bioscience Building Phase III. This pipe will go southwest a little bit,
then go southeast beneath the road at the west side of the Multidisciplinary Studies
Building, Science Building and Bioscience Building, and then join the pipe extended from
the current Engineering and Biosciences Building. This will result in a circular structure as
well. And the chilled water supply of the future Engineering and Biosciences Building will
be from both places. This added pipe is estimated to be about 700 feet long. The
simulation result is listed in table below. The visualized AFT simulation model for Design
4 is attached in Appendix B.
Table 10 Simulation Result of Design 4

Comments:
This design attempts to connect the pipe further upstream. In this case, the good thing is
that all pressure becomes positive. The pressure on the main circle is somewhere
between 1.7 psi to 4.3 psi. And 2.0 psi is predicted at the future Engineering Bioscience
Building Phase III. This design works. The only shortcoming is that the pressure on the
main circle is still fairly low.
The crawl space beneath the Multidisciplinary Studies Building and Science Building
could be utilized to install pipes, which could save labor and reduce construction costs.
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Design 4-A:
At the request of UT-SA, two alternatives of Design 4 were presented. The corner at the
downstream of the capped pipe beneath the Humanities - Social Sciences Building is
chosen as an alternative tie-in point. This pipe will go southwest a little bit, then go
southeast beneath the road at the west side of the Multidisciplinary Studies Building,
Science Building and Bioscience Building, and then join the pipe extended from the
current Engineering and Biosciences Building. This will result in a circular structure as
well. And the chilled water supply of the future Engineering and Biosciences Building will
be from both places. This added pipe is estimated to be about 546 feet long. Three
different pipe sizes (12", 14" and 10") are considered. The simulation results are listed in
Table 10-A. The visualized AFT simulation model for Design 4-A is attached in Appendix
B.
Table 10-A Simulation Result of Design 4-A

Comments:
This design is an alternative of Design 4 with shorter pipe length. For 12" pipe size,
positive building loop pressure is achieved for all the buildings. For 10" pipe, two buildings
suffer from a slightly negative pressure. Design 4-A with 14" pipe is also simulated.
Although positive pressure is achieved as well, there is not much difference compared to
12" inch case.
The crawl space beneath the Multidisciplinary Studies Building and Science Building
could be utilized to install pipes, which could save labor and reduce construction costs.
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Design 4-B:
At the request of UT-SA, two alternatives of Design 4 were presented. This is the second
alternative. The tie-in point is on the main circle, which is close to the branch to the
Science Building. This pipe will go southwest a little bit, then go southeast beneath the
road at the west side of the Science Building and Bioscience Building, and then join the
pipe extended from the current Engineering and Biosciences Building. This will result in a
circular structure as well. And the chilled water supply of the future Engineering and
Biosciences Building will be from both places. This added pipe is estimated to be about
253 feet long. Three different pipe sizes are considered (12", 14" and 10"). The simulation
results are listed in table below. The visualized AFT simulation model for Design 4-B is
attached in Appendix B.
Table 10-B Simulation Result of Design 4-B

Comments:
This design is an alternative of Design 4-A with even shorter pipe length. On all of the
three cases, none of them could maintain positive building loop pressure.
The crawl space beneath the Multidisciplinary Studies Building and Science Building
could be utilized to install pipes, which could save labor and reduce construction costs.
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Design 5:
This design assumes that a 14" pipe connects the future Engineering Bioscience Building
Phase III and the main pipe beneath the University Center Expansion. The underground
pipe goes through Lot 9 and Lot 6. There are no buildings above the ground except for
the portion under the University Center Expansion. The length of this pipe is estimated to
be about 1000 feet. With all building models as predetermined, the simulation result is
listed below in Table 11. The visualized AFT simulation model for Design 5 is attached in
Appendix B.
Table 11 Simulation Result of Design 5

Comments:
This design connects the pipe even further than Design 4. In this case, the whole water
network remains positive pressure. The pressure on the main circle is somewhere
between 3.4 psi to 6.0 psi. The simulation result also predicts that the pressure at the
future Engineering Bioscience Building Phase III will be about 4.1 psi. From a pressure
distribution point of view, this design works and it is better than Design 4.
The crawl space beneath the Multidisciplinary Studies Building and Science Building
could be utilized to install pipes, which could save labor and reduce construction costs.

18

Design 6:
This design takes advantage of the underground tunnel between the Physical Education
Building and the University Center. A 14" pipe is modeled to connect the future tunnel
extension mentioned above and the future Engineering Bioscience Building Phase III.
The underground pipe goes southeast first and turns northeast toward the future
Engineering Bioscience Building Phase III. There are no buildings above the ground. The
length of this pipe is estimated to be about 1500 feet. With all building models as
predetermined, the simulation result is listed below in Table 12. The visualized AFT
simulation model for design 6 is attached in Appendix B.
Since Jerry Smith did a similar study in 1997, we also included the results in his report
here for comparison. Jerry Smith's result is attached in Appendix C-2.
Table 12 Simulation Result of Design 6

Comments:
This design simulates a case where a pipe is used to connect the branch going toward
the Physical Education Building and the future Engineering Bioscience Building Phase III.
The whole water network remains positive pressure as in cases 4 and 5. The pressure
on the main circle is somewhere between 4.5 psi to 7.5 psi. The simulation result also
predicts that the pressure at the future Engineering Bioscience Building Phase III will be
about 4.5 psi, which is slightly better than Design 5 (4.1 psi). From a pressure distribution
point of view, this design is the best one. It has the highest pressure on the main circle,
and also the highest pressure at the future Engineering Bioscience Building Phase III.
Also by comparing with Smith's report, our new simulation result is confirmed again to be
consistent and reliable.
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Conclusion

•

The AFT simulation of the UT-SA chilled water system appears to be reliable, consistent,
and slightly optimistic.

•

According to the simulation results, running a branch to the new Engineering and
Biosciences Building by using a large size of pipe will not help solve the pressure
problem for the future Engineering Bioscience Building Phase III. A major loop expansion
is necessary.

•

Design 3 further concludes that connecting the future Engineering Bioscience Building
Phase III with nearby expansions such as from the Science Building is not a good design
either. The loop should expand farther upstream.

•

Designs 4, 5 and 6 all work well. In these cases, positive pressure on the main circle and
the branch to the future Engineering Bioscience Building Phase III is achieved.

•

Alternatives of Design 4 have been simulated. From the simulation Design 4-A works
fine. Design 4-B will suffer from slightly negative pressure for two buildings.

•

Design 4, Design 4-A, and Design 5 all could take advantage of the crawl space and
underground tunnel; therefore, construction cost and labor cost could be reduced for
these designs.

•

However, there are also financial and future planning considerations involved. The
design chosen has to be considered thoroughly not only from a technical point of view,
but also from cost and future campus planning and expansions.

•

The AFT model is provided to UT-SA physical plant personnel for their use in planning
future building expansions and for fine tuning this future chilled water loop expansion.
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