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1
[ {InfoboxEntry
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1
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<ful>
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I}

The design and implementation of a free cooling system to chill water for the UT campus, during the winter months, is the main goal of this .
project. By idering system ics, envir | impact, and overall optimization, among cther factors, the designed system will .
provide an efficient, cost-saving method of cooling water through the use of cold ambient air.
=Problem Definition—

Currently, to chilt water for cempus, the University uses vapor-compression chitlers throughout the entive year, While this process is able to
handie the {oad, this type of system experiences problems during the winter time, The main issue is with the eveporative cooling towers, which
are prone fo e build-up, The reason for this is that the cooling water is directly exposed to the freexing conditions. When this build-up happens,
damage may coeur to the system, so ice must be manunlly removed from the eoaling fowers. There are a fow methods for joe removal, bt n
of them are very efficient smd all require human intervention fnto an otherwise autemated system, Other than freezing, which interrupts SySte|
operation and is hard on equipment, other issues inciude working fluids freezing within pipes and flash freezing of Immid exhaust air.

T .
B

1

Free cocling, also known as enterprise cooling, involves utilizing relatively low temperature ambient air ta cool a working flnid within & {ys
Conversely, a convensional method for completing the same task would be to use reftigeration cycle chillez. However, free cooling is 5’?""
& few reasens. First, air is 8 working finid within the system that does not have an associated monetary cost, hence the name "free" cooling.
Secondly, operational costs for a free cooling system are generally lower, dus to the fact that pumps and fans are the only main coMpoNED
must be powered. In & conventional system, compressors and caoling towers, along with pumps, produce & much higher power demand whil
operating. Finelly, a fres cooling system can be n completely enclosed system, protecting it from the environment and climinating the need fo
make-up water and continuous chemical treatiment of the system. -
=Dxliverables—

For this project, the final product will be a complete design and anelysis, with supporting calenlations, of a free cooling system ta kil Wﬂ}'—"
the Ul campus during the winter season. Onee our design has been approved, the University will purchase and install the components outli
aur design 2o ereate a full scale, operational free cooling syster:. ’

==Specifications—

[[File:2017_FreeBreezeBrothers_Specs. JPGiframeless|centerd650pu(]]

=Preject Design=—

[[Fi1e:2017_FrecBreezeBrothers HXz JPG|center|600px|thumb]l=ft{Potentis! Heat Exchangers for System]]
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STEP 1: Tnventory your six best logbook entries and
rate each one using the rubric given to the right.

Entry

1 Missing

Date
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<I 10 Ty

2 - Incomplete, minimal long-term valy
3 — Complete, clear long-term value 1o g
4~ BExemplary, considerable long-term
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STEP 2: Self-assess your logbook in the areas below using the scales provided (circle one),

-- Project Management (in the context of ME 410, consider your client to be mentors, staff, and instructors)

A Goals 1 — missicg 2— vague @ multiple/divergent
j | Action ftems 1 — missing 2 — migimal @ clear & sequen
Team/Client Notes 1 — missing 2 - minimal 3 — moderate
OVERATL RATING 1~ insufficient 2 — sub-standard (3> goos
Design Development
A Notes & Analysis 1 — raissing 2 ~ sparse 3 ~ relevant
Wi J, . Decisions 1 — missing 2 —random, sparse 3 —highlights
Tlustrations 1 - missing 2 —unclear, messy 3 ~ basic wio discussion
OVERALL RATING 1 — insufficient 2 — sub-standard 3 —good
Assessment {of self & team’
- - Reflection 1 — missing 2 —iitfle awareness oceasional
; ? Strengths 1 — missing 2 — litile awareness moderate
Tmprovement 1— missing 2 — litile awareness some areas cited
OVERALL RATING 1 insufficient 2 - sub-standard @ goad
Orpanization
—1— Eatries 1 — insufficient 2 —on demand, sparse 3 —regular
Labels 1— missing 2 — sparse & generic 3 — consistent
Layout 1 —unclear 2~ haphazard 3 —readable
OVERALL RATING 1— insuffcient . 2— sub-standard 3 good
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ENE T " O
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Due to possible slush creatlan, ethylene gl_ygm and water solutions should not be used in conditlons close to freezing
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__ Forfresze protection, the requirsd concsntration of inhibited glycol fluid in the system depends an the operating
dequate fresza protection, the

conditionz of the system and the lowest expacled amblent tempearaturs. Te obtain

solulion must maintain a freezing poinl alleast 5°F belmy the [vesl snticipated temperatyre. See the inks below
SHUed for freeze projection ai diferznt iemperatuses

concentrations of Dow heal trangfer HITGT

mixture ratlo of the glycol. For axample If 2 coolant loop or systen Iz being winterized and
temperatures will fall down to -10°F al the lowesl. a mixdure of 30% propylene giycol to 70% water
wilt be enpigh o profect the systam 30% propylzne glycel has a fresze painl of °F but the burst

paintis -18°F. This system will be protected but the coolant vill be slushy. By definition. freeze
. a—
(paint ts the temperature whers ice crystals begin ie form. The fluid will bercme stushy bul will not

-1 |break pipes or damage other parts of the squipmant.
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1 [ and
- ==Prject Design—
The following information provides evidence and reesoning for the decisions that we made during the design of our system.

[{File:2017 FreeBreezeBrothers HXs.IPGlcenter6GOpx{thumbilef{Potential Heat Exchangers for System]]

[[Fils:2017_FreeBreczeBrothers_Hxtable, JPGleenter|S00pxithumbilettfHeat Exchanger Comparison]]
Above is 2 comparison of two potential heat exchangers for use in our system, along with 2 table of im
— system.

{| class="wikitable" style="text-align: center;"

poriant values from a hypotbetica) 5

H Decision teble
- I'

1 Decision
1 Selection

! Justification

} Conventional Cooling Tower vs Dry Cooler

1 Dry Cocler
['The dry cooler meets il of the specifications for this project, These include; 1} Keeping the coolant from freexing. 2) Keeping the cool
7 being exposed to the environment. 3} Uitizes cold ambient ir or “Free Cooling” to ckill coolant instead of refrigeration cycle, o

{ Shell and Tube vs Plate and Frame Heat Exchanger
__ | Plate and Frame
| The piate and frame heat exchanger is a much better fit for our project due to its efficiency, space requirement, and abiity to be easily:
by adding or removing plates, for different cooling loads. Also, i is much easier to clean and maintain oppused to a shell and tube.

3
-— | Conventional Pump vs VED Pump for Coolant Loop
| ¥FD Pump

| Due to the fuct that cur systems uses ambient air, whick has a large temperature range, cur systern will require a VFD pump lo vary th
through the coolant loop i.e. Jess flow when ambient temps are lower and more flow when ambient temps are higher.
o

| Water vs Ethylene Glycol in Coolant Loop

| Ethylene Glyeel :
-~ | 8ince cur system will be operating in sub-freczing temperatures, it is important that our coolant flaid does not freeze. An ethylene glyen

sohetion has & Jower freczing point than water, sc this added safety factor agrinst freezing makes sense for our system,

| Free vs Forced Convection in Dry Cooler

i - | Foroed Convection :
{ Based on our caleulations, foreed convention is much more feasible for the system. With free convection, the size of dry cooler necess

lorge and expensive. Additionally, forced convection gives us much greater control of system efficiency and performance.
I

__| . }TopMounting

—— | — wiil have to add is a method for protecting the fans from ice and snow. Lastly, most manufacturers produce the dry coolers with top mod

" | Top vs Boitom Mounting of Dry Cooler Fans

| For our system, it mekes more: sense to have the bottom side of the heat exchanger open and have the Fans druw air through the system,:

fans, and it would likely be an edded cost, if even possible, for underside mounting of the fans,

| New PFHX vs Repurposing Old PFHX

__ | . }Mew Dry Cooler vs Repurposing Old Dry Coaler

o [[FiIr::20i?_FreaBree‘mBmﬁ]ersﬁFloorP!a.n.jpg}cani:rl?SOpx]u)umbllcﬂlFlDorle]_]
— 1 - =Team Members=

7 Name

~ | Repurpose Old PFHX .
| |Because we have access to a PFHX in good condition that we can reuse, it was & simple decision to go this roule instead of buying

| Repurpose Old Dry Cooler - )
— | The university aleady owns a dated dry cooler that has been put out of service, However, by repurposing components from this piece,
equipment, we can recycle jt into a finctioning dry cooler that will be preficient for our syster. This way, we save the cost of purchasin
i+ dry cooler &nd salvege an otherwise sbandoned component.
} :
[ Below are two schematics of onr system, the first being a generat system outline that shows all of the main components gnd the second B
fioor plan of the actuel installation location with options for placement of cur system.
" [[File2017_FresBreezeBrathers_SystSchein JPGicenter|1 150pxithurnbllef|System Schematic))

{| class="wikitable" style="text-align: center:"
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“TION 4.0/5.0

Hiowed a logical sequence
- thoughtful summary of accomplishments/lessons learned to date

g seerned a bit abrupt — take time to remind audience of your accomplishments

“were well-prepared and spoke with well-founded confidence

& a good idea to list items for discussion on the concluding Q/A slide —

0/5.0 i

were steady and clear

4 confusion about when to advance a couple of slides
ot all members involved in the presentation/discussion, inviting them to contribute
ENESS & ACCURACY 4.0/5.0

g’éq Moscow weather data was used to define your duty cycle
tzils could have been given about your EES model and its.role In design decision-making

'y'b"e been a little fast (slow down and give audience time to read/fully assimilate each slide) -

components appeared to be well-researched and justified with vendor data 7

lly attractive slides that piqued audience curiosity
outs with component specs and cost data provided for easy reference

_fthe fonts were small and hard to read
(CEL sheets so it is clear what design case they represent

INTERACTION 4.0/5.0

Uestions were generated by the presentation and Q/A lasted nearly as long as the talk itself
time to listen before respending to questions

érmoderating the Q/A portion so more of the facilities staff can weigh in

| group members (at appropriate times) to engage In the Q/A

0/5.0
evant design options were considered
ployment of engineering modeling tools in equipment sizing

Iéd__ dgsign of ethylene glycol system, including suggested water/EG mixture
tompelling return on investment {especially with repurposed equipment)

vative economic analysis was employed to insure that design was not oversold
osts {including VFD) need to be made more concrete
inventory issues that might surround equipment positioning & pipe routing

re your fully account for costs associated with operating in the current mode
3] ldgntified special instrumentation for acquiring system performance data

MANAGEMENT 4.5/5.0
Wwareness of costs and benefits

rapport with client and his organization was evident throughout the presentation
rk plan for fall includes time for system installation and preliminary performance studies

NE a list of action items for Scott/U! Facilities to keep the ball moving between terms

t for potential set-backs en route to installation
Wl L L ‘
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[{File:2017_FrecBroezeBrothers_Specs.JPGHramelessicenteri650pxil]
==Project Design—
The following information provides evidenee and

d reasoning for the decisions that we made during the design of our system. Addi[ionﬂ]y

the designs that we produced for the system are presented.

==8ystem Modeling=—+
T[File:2017_FreeBreczeD
_ [{File:2017_FreeBreezeBroth
Above is a comparison of two potenti
system. Show!
[{File:2017_Fi

==0ff the Sheif Design——
- For this design, we decided to use completely new parts end components

rothers_HXs.JPGleenter|500pxithumbileR{Potential Heat Exchangers for Systeml]
ers_Flxtable,JPGicenter}s00pxjthumbileftifleat Exchanger Comparison]}

al heat exchangers for use in out system, along with a table of important values ffom ahypothetical
n below is @ graph of system cooling capacity versus ambient air dry bufb temperature.
recBreeceBrothers_SCC.JPGicenter|500pxthumb|lefiSystent Cooling Capacity versus Ambient Air Temperature}]

throughouf the system. This design is also a representation of:i.

case scenario that proyides a maximum for the total cost if we decide to constoct the entire system from scrateh, The following pictures ae
some of the new componens that have been selected for this design.
{} elass="wikitable" style="text-align: centes;”

l[[File:20iT_FrcaBreezeBmmersmNPF]-D(.JPGISOOQ:dmumblleﬁ[New Plate and Frame HX (M6-FD) Source: Alfa-Lavai]]
|[[Fi§c:20l‘i‘_chBree.zcErnthnrs_NDC.JPGlSDOpxlﬂmmblleRiNew Dry Cooler (AVR-158) Source: Dry Coolers Ine.]}

==Rgpurposed Design=—
This design involves the inte

- salvaging these old units, we will save & large sum of money over a new

gration of components owned by the University that we arc able to repurpose for use within our sysiem. By °:
purchase. The two main components that will be reused in this des)
dry cooler, which happen to be the most expensive components to buy new. Px

are the plate and frame heat exchanger and the
recycled components of this design art shown below.
{1 class="wikitable" style="text-align: center;”

E_
il

e:z(}lT_FmeBrcmBmﬂxers_PFl»D(JPGB()Opxldtumbilcﬁﬂ’late and Frame HD{ with Repurpose Potential]}

|[[File:2017_FreeBreczeBrathers ODC.JPG

500px{thumh|lefiDry Cooler with Repurpose Potentiall]

is important to note that, for the designs above, pumps, valves, and piping will have 1o be purchased. Also, pipe size and pump sizes

the same fos both.

==—Final Design—"

The following informstion provides justification for design choices and finalized schematics for our system,
{] eless="wrikitable" style="text-glign: cenler,”

. p+ Decision table

| Decision
| Selection

{ Justification

| Conventionsl Cooling Tower vs Dry Cooler

| Dry Cooler

| The dry cooler meets all of the specifications for this praject.
heing exposed to thi¢ environment. 3} Utilizes cofd ambient air or

These include: 1) Keeping the cnolant from freezing. 2) Keeping the codl
“Free Cooling” to chill coofant insiead of refrigeration cyele,

| Shell and Tube-vs Plate and Frame Heat Exchanger
| Plate and Frame

+ | The plate and frame heat exchanger is a much better fit for our preject due to its efficien

oy, space requirement, and sbility
and maintain opposed to a shell and tube,

by adding or removing plates, for different cooling loads. Also, it is much easier to clean

| Cenventional Pump vs YED Pump for Coolant Loop

| VFD Pump

| Due 1o the fact that our systezns nses ambient sir, which has a large tempersre ran,
through the coolant loop ic. iess flow when ambient temps are lower and more flow when ambient temps are higher.

ge, our system will reguise-a VFD pomp to vary lh

| Water vs Ethylene Glycol in Coolant Loop

| Ethylene Glyeot

| Since eur system will be opessting in sub-freezing temperatures, i is importan
solution has  lower freczing point than water, so this added safety factor against freezing mekes sense for our system.

1 thet our coolant fiuid does not freezs, Ao eth:

| Firee vs Forced Convection in Dry Cooler

| |Forced Convection
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1.n'ventory your six best loghook entries and i—l;dissingl I ; N
= o ven to the right. — Incamplete, minimal long-term value to author
ch one using the rubric gt & 3~ Complete, clear long-term valug to anthor

4 — Exemplary, considerable long-term valug to others
Date Rating (circle one)
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' 30 July 13 12004

anagemient (in the context of ME 410, consider your client to be mentors, staff, and instructorss)
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1 — missing 2 — minisnal 3 — clear & sequenced @— tasks remove bottlenecks - —
1 —missing 2 — minimal 3 — moderate @ extensive i i

1 — insufficient 2 — sub-standard 3 —pgood @ excelient

1— missing 2 - sparse 3 —relavant . e detailed, extensive

1 —missing 2 —random, sparse 3 — highlights @ comprehensive, justified ——— ;

1— missing 2 - unclear, messy 3 — bagic w/o discussion (9 detailed w/ discussion i
L1 RATING 1 — insufficient 2 — sub-standard 3—good @zxccl]ent _ L i"" 1
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senior Dasign Loghaok Evaluation Form

student Name [ TAlex Leppek ]
Team Name i [Free Breeze Brothers 1 -

Logbook Mechanlcs [Assessment | Assessment
Self-Assessmeant {SIf) Complete Dates Complete
seif-Assassment (Viost Blank Areas Lined
creative, etc.) Complete Out Complete
Ink Camplete Carrect Logboak
Entries Titled Camplete Bindingi | Complete

Loghook Entry Assessment

Project Management| 1 2 3 4
Quality [o] Q] C | ® ]
Freguency @) 0o | ® | O 1

Design Develapment

qualty [~ O [ O | o1 @ ]
Fequeneyl | O | O | O | ® ] |
Assessment E
Quallh,'| I 8] | [e] l =] J_ @
Frequency| - C | O | O | @ E
|
Drganization :

aualiy] | O T O [

o
®

Overall Score| 4 4 l

Instructor Commants

Excellent recerd of project learning and design decislan-making! froe =

Helpful annotations surraunded tables and figures

Thoughtful refiections throughout

Follow through an your commitment to share your logbook more widely with others

Keep up the good work|

B
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I ane using the rubric given to the

Bate

LOGBOOK SELF-REVIEW FORM - & |
#5

P
f

B
[

NRANETR

1 - Missing

2 — Incomplete, minimal:long-term value to author

3 — Complete, clear Jong-term value to authar

4 — Exemplary, considerable long-tern vatue to others

0 Auvé

Rating (cirele ong)
15

12034

wst

5 septemby |-

123@

b Septempy~ 17 1238
F septembe 17 1238
13 Septembn |- 1204

20 Septembe |3

1264

1 — missing 2 —vague

1 - missing 2 — minimal

1 - missing 2 - minjtnal

1 - insufficient 2 — sub-standard

1 —missing 2 — gparse

1 - missing 2 — random, sparse
1 - pissing 2 —unclear, messy

1 - insufficient 2 — sub-standard

1 —missing 2 — little awareness
1 —missing 1 — little awareness
1 — roissing I little awareness

1 - insufficient 2 — sub-standard

1~ insufficient
1— missing 2 — sperse & generic

2 — haphazard

1 - unclear

2 — sub-standard

@ some areas ciled

@—- good

2 - on demand, sparse @— repular

m.' loghook in the areas below using the scales provided (circle one).

3 -~ multiple/divergent @— focused & strategic

3— clear & sequenced (%~ tasks remove bottlenecks
3 -~ moderate @— extensive

3 —pood @ excellent

3— relevant detailed, extensive

3 —bighlights

— comprehensive, justified
|- detailed w/ discussion

@— excellent

3 — basic w/o discussion

3 - good

3 — octasionsal

@- moderaie

regular & effective
4 — detailed kmowledge
4 — detailed action plan

4 — excelient

4 — regular & spontancous
informative

clear, strnctured, helpful
@)— excellent

3 — consistent
3 —readable

3 — good
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'SIar.ﬂo_( Design Leghook Evaluatlon Form

sﬁdant Name [ Jalex " : ]
Team Name l IFree Breeze Brothers |

[Coghook Mechanlcs Assessment T
. Seif-Assessment {S1)| | Compiete Dates| | Complete
self-Assessment (Mosy Blank Areas Lined |

creative, atc.)| | Complete Cut) [ Complete
ink| | Complste Correct Loghook
Entries Titled} | Complete Binding| | Complete |

J..Ughaok Entry Assessrnent

© Project 1 2 3 4
iR Quality [6] 0O ] O | ® ] -
Frequency C o | ® 1 ©
Deslgn Development| )
auality] | [#] I O I [o] | @
Frequency O 1 . o 1 o ] @ #
Assessment _;—
gay[ [ O © 1T O 1 ® 1% .
Frequency] | © | © 1 ® [ O 1

Qrganization

aaiy[ T © 1 O [ O | @ |

Overall Scare} 4 /4 1

Instructor Comments

Exemplary loghook wark - this should be a tremendous asset to you on the job

Effective use of figures and diagrams

‘Thank you for your sllent, steady leadership within the team

Find ways t¢ incorporate detalls about testing and repart develapment in your logboak
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your previous Jogbook entries. Inventory 1 - Missing
te each one using the rubric given to the

Date

2 - Incomplete, minimal long-term value to author
3 — Complete, clear long-term value to author
4 -- Exemplary, considerable long-term value to others

L L] e

! 0 1 : T T ] T T T H T
| L.OGBOOK SELF-REVIEW FORM = {{

Rating (circle one)

Hon  Update FH|

L3 September [IF

123@)

Y dckob |7

1204

N Ochebe [}

12034

e atios, BH

I ochebe 17

12034

L Teami Mithing, WIS 15 schobr ¥

123@

L Novembe [F

1238

1 —missing
I —missing
1 — missing

1 - insufficient

1 - missing
1 - missing
1— missing

1 - insufficient

1 - missing
1 - missing
1 — missing

1 —insufficient

1- insufficient
1—missing
1—unclear

1 —insufficient

your logbook in the areas below using the scales provided (circie one).

2 - vague 3 — multiple/divergent
2 — minimal 3 - clear & sequenced
2 — minimal 3 — moderate

2 - sub-standard 3 pood

2 — sparse 3 —relevant

2~ random, sparse 3 — highlights

2 — unclear, messy 3 - basic w/o discussion
2 — sub-standard 3 - good

2 - litile awareness 3 — accasional

2 little awareness (3~ moderate

2 —little awareness (8- some arcas cited

2 — sub-gtandard @ good

2 — on demand, sparse @ repular
2 — sparse & generic 3 — consistent
2 - haphazard 3 —readable

2 — sub-standard 3— pood

CD focused & strategic

@- tagks remove bottlenecks

@~ extensive

@ excellent

detailed, extensive
comprehensive, justified
G_i} detafled w/ discussion

@— excellent

@—regular & effective
4 — detailed knowledge

4 — detailed actien plan

4— excellent

4 ~ regular & spontancous
@- informative
@— clear, siructured, helpful

@- exeellent
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Senior Deslgn Loghook Evaluation Form

[student Name T Talex
[Team Name [ IFree Breeze Brothers |
Leghook Mechanics [Assessment I Assessment
Self-Assessment {S11)| | Complete Dates| | Complete
Self-Assessment {Most] Blank Areas Lined
creative, etc.) Compiete Out Complete
ink| | Compiete Correct Logbook
EntrlesTitled] | Complete 8Binding| | Complete

Loghook Entry Assessment
Project M ent

B 1 2 3 4
Quality [8] 0O 0 | @
Freguency Q @] Q @

Deslgn Development|

aaliy| [ O T 0 | O ] ®
fequeneyl | @ [ O [ O @]
Assessrient

Quliyi [ © T © T ® [ &1
Frequency] | O | © | ® 10
Organization

auaiyl [ O T 0o T O | ® |
Overall Score| 4 /4 i

Instructer Comments

Great]ob on your logbook throughout the project - frequent & informative entries

Easy layout and labefing for rereading/reuse

Take your logbeok essens learned forward into your profressional practice

Thank you for your thoughtful work as well as your leadership presence within the team

! look forward to touring the finished Instaliation and seeing initiat performance data




