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TECHMNMOLOGIES

NEWS

James Trane started customizing James Trane ISuduUs:augs:uuriANuSou
heating systems nearly 140 years 10D 140 Unuad naidnKuiggvavikidoulqu
ago, but the goals remain the same: ...ADWE:QdNauNe Us:anSnw lla:Aduy
comfort, efficiency, safety. Uaoang

Randal Newton, Vice President Engineer- Randal Newton, Vice President Engineering,
ing, Trane Technologies Trane Technologies

February 17, 2023 17 NUAWUS 2566

James Trane (originally Thrane) lived in a
completely different world. When his
family emigrated from Norway to La
Crosse in 1864, Wisconsin had been a
state for only 16 years, most people
heated their homes (terribly) with wood,
and dairy farmers had to make cheese

James Trane ($010U Thrane) a'IFTEJE}EﬁuTaﬂ
Anandvlulagduidy IdonsaunsIUaIYN
DWEWUIDINUDSIDY gliJovannsod Sydanau
Bu Us:inAarsgoiusniula.A. 1864 fuuru:
Judanauduivoidusguwew 16 U Wauddu
TkeyrinAnusaulRAu UWNoN FadIuilu

because they couldn’t chill milk for trans- ||a:|ﬂumsn5@|§aUTﬂuuﬁEDﬁ’luumﬁ’n'j'a

port. ws:luawnsangifuuuiwovudvla

Trane started his plumbing business in Trane 1SuUssionoUs:Unuln.A. 1885 nalufy

1885, but it wasn't plumbing as we know  riaus:Unag10AwaNIsI$IN TuAaISSUA 19

it. Indoor plumbing barely existing in rous:unmefuonAmsinuluidunssnfuaiusm

19th century Midwest America, but a:3uan ndudanssunsiAUSOUINDISUTU

heating innovations were just starting to

happen. “James Trane 1DugvUs:UN ndiwnlulaaady
g1v0uln K$oKowUN” Randal Newton Sov

‘James Trane was a plumber, but he Us:sIUWNEIAINSSUYDY ‘Trane’ nald “lwidu

wasn't installing bathtubs or toilets,” said
Randal Newton, Trane's vice president of
Engineering. “He was more of a consult-
ing engineer and contractor (as we know
them today), focused on heating early on
and, much later, air conditioning.”

3FNSAUSAIIASUIKUILINAT (987197IS
$onludoauu) Taslugrvduiduluns:uurihAou
Soulla:dauIMeKavdvrins:uulsuoNIA”
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A New Way to Heat Homes and
Businesses

Heating buildings with wood stoves was
common but also problematic. First, it was
inefficient — the room with the stove was
often intensely hot, while adjacent rooms
were unbearably cold. In addition, by the
late 19th century, firewood was becoming
relatively scarce.

The answer was coal, a more efficient
energy source. Around the same time,
new, cast-iron radiators were making their
way across the Atlantic from England, and
they could be sized for virtually any build-
ing. None of this was easy, and that gave
Trane an edge.

“There was no electricity and therefore no
pumping,” said Newton. “They had to use
steam boilers at high temperatures and
pressures. Trane learned about a system
called vacuum heating. By putting the
system in a vacuum, water boiled at much
lower temperatures and pressures, offer-
ing a safer heating alternative.”

Because every building was different,
each system had to be customized for that
structure. Not many “plumbers” knew how
to do that well. “The contractor had to do
the piping for the steam lines, but also
balance the system to make sure the
steam went to the right places,” said
Newton. “Systems had to be designed
with valves and steam traps, which wasn't
really a do-it-yourself project for most
people. Innovation was required on every
single home or business, and James was
really good at that.”

TRANCZ

TECHNOLOGIES

ACTIVITY

3alkuvavnIsriAUSaulkAUAWAIA:
aniuds:naunis

msrihAuSaumeluanAsddeiniluidudovi
Undsssuan naniduisoviasioldykigunu
Us:misiisn@o ANUTLDUs:anSnw UognsoRRkow
RagindinWud:Souuniiull Tuvcu:ARavhoE
Tnav:goAvKuIAU Ia:luBILKALYDVANISSUN
19 Uu Tudksurnilufivnannau

nvoon Aotuku BoiulkaowaoLUADUS:ENSNW
UINNIN Us:unnuBovnaGednudu Kiathikankdo
IUUTKUAELIGUNMYTIUUKIEUNSIIDAIAUANUIDN
Js:inADLNOY lla:WwINUTUDIDIYLNQIWEDWOFIKSU
21ASINUNNKAL dvikantluvieias na:uurifk
“Trane” [AIUS8U

“TluyeuzuuTuoIwwa doriTRIUGUs:U1" Newton
nad “wonnidkiodulothnatuknna:isvaugw
“Trane” 139USINYIAUS:UUNIBYNIT MSHIADW
SoulnuudanyoyINA (Vacuum Heating) 2gn1sm
Tks:uuagluaryrynnia tho:doaRatuknia:Aou
duAdin3wnn dvidumvidonfunmsritAoiusau
AUaaaniundn

ITovoINIANSIdaIKOTANUIANCIVAU S:UUTD
doviinsusulRikun:aunundasinsvasivonms U
“¥rous:Ur” TunAun$ISNISHELUUTRG “WSUIKU
nvredrsuiluriadvlouh iddevusuauqas:uu
WWalRiuTosnlotho:gviugochikuvigndon”
Newton nand “s:uudavldsunisooniuulkiiondd
la:nudnloun dolulsviuds:inn DIY dksuaudiu
Tkey Uhuksoanuus:nounmssududaviiudanssuy
lla: James rilaaunn”
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The Next Generation

Eventually, James became frustrated with
the industry’s lack of innovation. In 1910,
his son Reuben graduated with a mechani-
cal engineering degree from the Universi-
ty of Wisconsin. Together, they started
designing their own components, the
Trane family's first foray into manufactur-
ing. In 1913, The Trane Company was
incorporated in La Crosse, Wisconsin, and
built the company's first office, a facility
that is still being used today. The first
board was James, Reuben and his sister
Stella, an early example of a woman on a
company board.

= N=

TECHNMOLOGIES

ACTIVITY

sucialu

funaa James SENAAKILAUNISAROEIKNSSUYIA
udanssulku« fula.A. 1910 Reuben UASBIEYDL
1w1dN§oN1SANBIAIUSAINSSUIASDVNAN
UK13NeNde3anoudu woniu1sounusuoaniiuy
douus:nou BvIdunsINgnISWaaASLIISNYDY
as:=a Trane fulA.A. 1913 The Trane Company
Iddadviuluilovannsoa Sy3anouBu a:asio
dUunvIUIIKvIISNUaLUSEN Bugolnisidoiuagiu
U99UU ARU:NSSUNISYQIISNAD James, Reuben lia:
Stella Uovanduaviun 3oiduddagvonsnisunn
KEgv SourvIUluAfUENSSUNISUSUN

James, Reuben, and Stella Trane

Their initial focus was developing better
heating systems. While cast iron radiators
were a vast improvement over wood, they
had their own issues. Not surprisingly,
they were quite heavy, making them
difficult to haul up stairs and maneuver in
tight spaces.

To remedy this, Reuben invented the
convection radiator, which was lighter,
less expensive, more efficient, and easier
to install. The new model featured a
finned tube design, the precursor to
today's coils. He also designed a new
cabinet, which used natural convection to
circulate air.

IUNKUNEIISNYDVWINIIADNISWUUNS:UURIANU
Sounddu fuuru:AKUaltIk&nKkaoTn1SUSUUSY
agvunnidaifgunull ndwaniuAgowuloyrkn
nnukunAAauoLIN Mikenfunisuududula
la:indoudeluwunninu

\WolnUrykl Reuben IaAaAuKDatNIuUWIADL
Sou Buduhkuniun3T stATyiwo JUs:ansnw
uINN3 Ia:dadovieni lagsulkuinisooniuu
Aonuudn3u dviduansavduvovpasaludonuu
wngvooniuudlKuBIENISWIAIIUSOUMUSSSU-
NAIWOKYUISEUDINA
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The cooling coil—the key component in noudidusviduavAus:noukaniuinsovusuonnia
Trane air conditioners—was invented in Trane qnus:ﬁug'ﬁu'rutj 1931 oy Reuben Trane
1931. Reuben Trane and fellow engineer la:IWoU3FINSUDVIU Reuben Anderegg SOUWQ

Reuben Anderegg combined a fan with
cold water running through a convector
coil to generate cooler air.

aurudiguilkawuno8anaUNAINDSINOESID
ONMIANIZUNI

“Anderegg realized that if you could heat ‘Anderegg as:rUnIdAEILSIKAWSDUIG
by putting hot water through radiators, you drensldunsouniukdaun AtuaWIBINATAIGYD

could probably use the same technique to rTwﬁ’ari’wTﬁmms|€JuauTuqqs‘aqu” Newton nand
cool buildings in the summer,” said “lwwhiBuavfkulumsduda duistduthonnuaniu
Newton. “Electricity was a new thing to kauhlungsou Uuo:rlko1AsIBuavosLe folu

pump water. I welpumped well water :luldbus:ansnwaunun nduufidusasudu’
through radiators in the summer, it would :

actually cool the buildings. It wasn't that

efficient, but it was a beginning.” AoBdIBuBVIluaVAUS:NaUKAN(UIAS2DUSUDINA
Trane gnUs:augdulut 1931 lag Reuben Trane

The cooling coil—the key component in la:WaUIFINSUaVINN Reuben Anderegg

Trane air conditioners—was invented in souwoauniuuIgunlkanunedADUIDAINDSIWD

1931. Reuben Trane and fellow engineer asonmARISun3n

Reuben Anderegg combined a fan with
cold water running through a convector

: . “Anderegg Os:KUNNAATUEIUISAIKADIUSOU
coll to generate cooler air. '

Tadsemsfdunsauruklath AtuowiBInATA

“Anderegg realized that if you could heat ideoniumarhikonmsiguanfungsauld” Newton
by putting hot water through radiators, you nand “Twwidudvikufumsdudn aushdudnonn
could probably use the same technique to Uowukdaunfunqasou tuo:rifReonsiduanasu
cool buildings in the summer,” said fodua:luladus:ansnwduinun nduufidu 20
Newton. “Electricity was a new thing to cudy”

pump water. If we pumped well water
through radiators in the summer, it would
actually cool the buildings. It wasn't that
efficient, but it was a beginning.”

InAGATKU...AdavnausuTKu

James lla: Reuben Trane 10UGUIUUENKSUIFINS

New Techniques Required New Training AUSNL a:wdniUs:auanudSomws:woniun
[Branmsniv3AdnssulumsmiiAusaunaAdu

James and Reuben Trane were the proto- 1§u ogvlsiiau WalK Trane Company Us:au

types for consulting engineers, and they AWENED woninSidudavkiAuSuduLINGU

succeeded because they applied engi- o g .
y app 9 AN (PIENTSoONIIVUS:UUIKANT 13:U718N1S09N

neering principles to heating and cooling. " ST g
However, for the Trane Company to luuudanssuikadulknuanAmnluido

succeed, they needed to find more people
who understood how to design these
systems and sell those innovative designs
to skeptical customers.
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C}n Jrtistic “Part of the
“Rooms“Decoration_

‘l:n b-'!‘;&_"j:f. rl?.:
57 Lk M

]

The visible type Trane Heat Cabinet
looks like a handsome piece of fur-
niture. It may be finished in the
same tones as the furniture and thus
made to fit in with the scheme of
room decoration, instead of having
the appearance of an accessory for
room hecating. What a contrast with the big. bulky, unsightly ra-
diator, which generally assumes an obtrusive position in the room!

The heated air comes through the grille, circulating out into the room
instead of up along walls as with the ordinary radiator. This elimi-
nates ugly staining of walls and ceiling.

The visible type Heat Cabinet may be installed in any building, not
only where radiators might be used, but also to replace radiators in
homes or other buildings that are already completed.
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“It was a moment of transition into the
current age,” said Newton. “Not only the
technology, but the recognition that we
needed to train people on how to use the
technology.”

That led to the Graduate Training Program
(GTP), which is still going strong nearly
100 years later. The program ensures
engineers receive the best training, but it
also gives them good grounding to devel-
op their own innovations.

GTP and other programs help keep Trane
focused on the values espoused by
James, Reuben and Stella Trane: service,
customization, and innovation. At its heart,
Trane has always been a company that
prizes precise engineering and translating
those insights into innovative designs.

“We can have the highest quality products
and have a building that's not comfortable,
that's not energy efficient, that's not safe,”
said Newton. “It's the knowledge, how
these engineers configure systems and
make them work properly that makes the
difference. Trane's innovations have
always come from the field. That's as true
now as it was in 1880."

. - S N .
First Graduate Training (GTP) Class - 1926

TRANEZ

TECHNOLOGIES

ACTIVITY

“‘Uulugovnankomsivasunlavdgnloouu’
Newton nand “TuieviAinalulaginidu ndgodow
[asumsgousussrdidulumsilnousuAuIng?
Au3sMs(dinalulag”

ia:uudhluginsomsilnousu Graduate Training
Program (GTP) Bvgvavidvinsoludnnii 100 U
dlown WsiinsutisoelRiuiividAonsiasunsiinausy
AdNaa la:golkRWusuAdIiwonifumsdosoa
WQIUNUIONSSUYDVAUIDY

GTP na:lUsinsuduq $2ulk Trane oduogAUKAN
N1SA James, Reuben lia: Stella Trane dnIduNsog
Tana mMsusnns, NMsUsSuIVagUWaaAUROUAIL
dovnsnIandv 1azuianssu laekouow Trane
Ao USENATRADUEAYAULIUIADNSSURNILIUEN
la:nladoyaidoanikanuulRidunisoaniuunasiv
assAlauaun

“s 0WaanturindntunIwavaa lla:ianAsilu
a:aonauny, luusskgawavvu, lilaoany”
Newton Na1d “AUSAIAINSIKENTMKUQAS:UU
la:rfRs:uurhvuldagvgndovdivkiniasv
ADIWIANCNIY UIANSSUYDY Trane LIDINNNASUIY
iaua uulunnuosvisuideanuiul 1880

- .
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AUNISIUQADNAONE

asuiwAIR HANDLING UNIT

Q283uAIIUSUAGLIINIZDSUU *‘
il

nsu’ SaduuunaauladiladnaanturilusudavoIn
1BosUU “AL-KO" maldnisquagov ‘Insu’ Inu1goe
IESUAWIWUAUITOINSYATU AIR HANDLING UNIT
nv Webex Meeting i0a3uwsn 29 GunAU 2566 N
WU

nefuviuduuundnmsiuztinnaantur AL-KO Taoi

IBu10yNn AL-KO Tasasy Tann Ling Junjun, Key

Account Manager & Technical Supervisor l1a: Jiang
Zehui, Key Account Dept. noUwaanturivov AL-KO
2:3001K 'Insu’ DusmsAnsoupaunnnaussivldeghy - 2
DAtunwBvdu wsouaaulongnnAdwdovnisyov
anA1 daelUsiinsuoonivuawn: Klima@Soft ATAIW
lafiusnazniugn

laggavgarngvovviuduuun lddnisnusthlusinswy
NSIEoNINSDVIINKIBEIBIYYDL AL-KO 3ndde 3o
fiola3u0udoyanuinauls nanbuus:lesd dognAn
3oulRanAdnloduasulunisoaniuuirdovldogv
ASUNdUBaRU

“nsu’ K931 AIR HANDLING UNIT 910 AL-KO »:10u
nvidankdvno:ignungigaaulongadiudovnisyon

anAn nazgoeIwuUs:ansnwlunisitviuldogioaw
da

awnsndadovodoyawuidulan...
» arulsesad lTonyuA (Engineering Solution Leader)
Ins. 081-617-4021

* ACUNITWYOFA US04 (Spec-In Engineer)
Ins. 065-518-9937
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Uanelnaose Trane Remote Monitoring Service
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1a:320Me8vid Live Demo RIdsoudULUAIG
QMsI3VIUWIU Website lla: Mobile Application
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13U QATWDY Condenser-Evaporator, A Current
Limit 1a: Running Capacity, 22870N1S1D0
IGou Alarms Ila:N1sQ Report (Y9

@ anusaidhdvnisritviuvovia@oslda
kanKae Platform [i319:10u Webpage
KS© Mobile Application

@ 51AS:KNIa:s18vIUWalAIUU Real Time
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@ Banqdayanisriviuvavdaiaasidoinnn
Anus:uusaulad
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SYMBIO
Controller

The latest technology and incremental value

% TRANE TRANE

Trane Equipment Controls Timeline : 40+ Years In The Making

1980-2000

2019-Future

2008-Present

1998-2008

Equipment Protocols: Equipment Protocols: Equipment Protocols: Equipment Protocols:
Trane Proprietary LonTalk BACRHet MS/TP, BACnet MS/TP,
Comm 1/2/3/4 BACnet/Zigbee BACnet/Zigbee,
BACnet/IP, Modbus,
LonTalk with adapter
Not connected Dial up modems Web enabled ) S_ymb":' 200
= Digitally enabled
i =
Bﬂ- -
— P . m L[ . fl
- - - o E°W
S Y :
®eE W )
g ol 33T
C: 8= a d i W =
i L w : L

Limited choices in the past- more choices now!

What is it?
Majority of chiller products now ship with Symbio ~ How do you specify it?
800 controls. The HVAC equipment controllers shall be installed,

wired and commissioned in the factory. All
equipment and plant controllers shall be BTL

Why is this important

for customers? listed as a BACnet Application Specific Controller
Symbio Platform Value (B-ASC) or a BACnet Advanced Application

* Complete Tracer® Integration Controller (B-AAC) as defined in ANSI®/ASHRAE®
+ Secure Remote Connectivity Standard 135-2012.

+ Advanced Flexibility
* Enhanced Serviceability

4 Chillers Symbio 800
Symbio

PrOVides Gelr'l_TraUacf Series S/
Value Across Y

» Ascend / Sintesis /

the Trane Optimus / Air Cooled

' » Cold Generator Scroll /
qu_.“pment CGAM -2023

' User Interface User Interface
Portiolio * Modular - TBD AdaptiView, Symbio Ul TD7, Symbio Ul

and Tracer TU and Tracer TU
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TECHHOLOGIES

Service Update

Symbio 800 Hardware
Overview

BAChet METP
or MODBLUS
RTU

- -
- L
L L]
- -

sy

USE Ports: (xd} Ethernet Port 1

WiEi Modute. LON Miere 50 Card BACRetIE. Eshermat Port 2
UBD moduis, USB g MODBUS TCP. TRERETRR
stick e reton ns i Shre

Chillers & Large Unitary :
Incremental Value Enabled by Symbio 800

Physical Components Identified

P1
*» RS-485 daisy chain

» Used for BAS connection (BACnet MS/TP & Modbus RYU)

P2

» Used for factory installed MODBUS salve sevices

» TR200, Magnetic Bearing Controller, Energy Meter, etc.

P3
* LLID bus

» Supplies power to Symbio 800

IMC

= WiFi, WCI's, XM Modules, etc.

USB Ports (x4)

» WiFi module, LON UB0 module, USB stick

Micro SD Card Slot

» Used for backup and restore
» Shipped from factory with confifuration backup

Ethernet Port 1

« BACnet/IP, MODBUS TCP, TIS connection

Ethernet Port 2

» Physical Touch Display only (TD12)

Incremental Consulting Mechanical Building Operators
Value Engineers Contractors
»1/0 expandability via XM's . rsfg Elxpa?dab'illlw via XM's ; :nhélg Sﬂ . ggsogf%hpz figae rimrl codes
g + Sideloop/ancillary equipment * Sideloop/ancillary equipment
FlEXIhlllty cuntmh?ia custng(ﬁGPF:?] control via Custom (TGP2) * Upgradable software for future
programming programming enhancements and security updates
= Standard web user interface
; * I f
Epmdsdseautyyuser | G ey | [t oot scess
et e - Non-proprietary, free software :;Dgr;tml and user interaction audit
- BACnet event logs, schedules, tools « BACnet | hadul
. “1: » Easy to operate touchscreen RAE BvBnt iOgs, SeheCilin,
trends and alarm management
Serviceability b FEE'HJHE A e .Tsrgnéjasrgnhcs:laiLaur;rrg:tnﬂigement
» Easy to operate touchscreen « Choice of interface: Easy to operate
interface that is also factory touchscreen user interface,
installed TraneConnect or BMS/BAS
dependent on needs
" options (AI-H Wirelose, | | Seamless integration to [l
options (Air-Fi Wireless, building automation systems v 5 Y-
BACnet/IP, BACnet/MSTP, to monitor, analyze, operate and
Cunnectiuity Modbus, and LonTalk) service equipment.
= Seamless connection to + Ability to do all of the above through
Tracer SC+ and other building BAS/BMS.
automation systems + Supported LTE cell modem.
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& Syrbic E18B01226
4533 Whide Brar phwey

Connect to a Device &

Filter: | aLL Types g || Fimd o duviee 1of 1 devices showe

HAME & TYPE BUBLIHHG ADDRESS ETATE SERIAL & AVAILABILITY 'It' TRAHE SCWEB
mhia (N Sy E1RD0TZ0S 0o il irmmnnta FiREa1 m

Sy B
oy

..........................

Secure Remote
Connectivity & Serviceability

TraneConnect™

TraneConnect is a secure, cloud-based customer portal to access your
building systems for remote monitoring, building management and routine
maintenance.

KEY BENEFITS :
 Platform for authentication and user management for secure remote
access to:

BAS System Level Equipment Level

* Ensemble * Ensemble

« SC+/Synchrony » SC+/Synchrony

* Web user interface for status, troubleshooting.
» Service tool pass through for issue resolution.
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Networked Coil Loops

Introduction to Coil Loops

Exhaust-air energy recovery is a strategy
that has long been used to reduce a
building's HVAC energy use. One
technology that has been used for
decades is the coil loop. Figure 1isa
diagram from a 1983 Trane®
engineering bulletin. While the
pneumatic controller has been replaced
with direct digital controls, the overall
concept has not changed.

During cold weather, when the building
is occupied, a portion of the exhaust air
heat is captured by the hydronic fluid
passing through the coil tubes. The
hydronic fluid is then pumped to
another coil that is located in the
outdoor airstream. As the outdoor air
enters the building for ventilation it is
preheated using energy recovered from
the exhaust air. During warm weather,
the reverse happens: heat is removed
from the outdoor airstream (pre-cooling
this air) and transferred to the cooler
exhaust air before it leaves the building.

Advantages of Coil Loops

More recently, air-to-air plate
exchangers and energy-recovery
wheels have been commercialized to
give engineers and building owners
options for exhaust-air energy recovery
with higher total effectiveness.
However, coil loops are still commonly

used, often due to the following distinct
advantages:

*  QOutdoor-air intake and exhaust outlet
do not need to be located in close
proximity. The energy recovered by a coil
loop can easily be transported around
the building to be used where it is
needed. This can be a particularly
valuable benefit in an existing building
where relocating ductwork might not be
feasible. The exhaust air may leave from
several locations spread around building,
while the outdoor-air intake may be
centralized, maybe even on the opposite
end of the building. A coil loop allows for
exhaust-air energy recovery without
needing to relocate the exhaust-air
outlets or outdoor-air intakes. While other
energy-recovery technologies might be
more efficient (especially during cooling
mode), they require the outdoor and
exhaust airstreams to be located in close
proximity, often side-by-side.

= Avoid cross-leakage of exhaust air.
Laboratories require large amounts of
exhaust air. Many are conditioned with
100-percent outdoor air that is required
to replace the air being exhausted from
the building. Coil loops are used in these
applications since they allow for energy
to be recovered from the exhaust

Engiﬁeers Update

airstream without the risk of exhaust air
transferring back into the outdoor
airstream (cross-leakage). The outdoor air
heat exchanger never comes into contact
with the exhaust airstream, as it does
when using an energy-recovery wheel or
plate exchanger. Additionally, the
outdoor-air intake(s) can be located far
away from the exhaust-air outlet(s)
because the fluid is pumped between the
two coils. ASHRAE® Standard 90.1, and
many energy codes, require energy
recovery from lab exhaust air and coil
loops are oftentimes the only viable
solution.

Ease of retrofit. Another application for
coil loops is when retrofitting an existing
building for electrification of heat.
Switching to an all-electric heating
solution introduces a new peak electric
demand during the winter months.
Therefare, it is important to reduce the
peak heating load and exhaust-air energy
recovery with coil loops is one way to do
this without rearranging ductwork.

Figure 1. Coil loop diagram from the 1983 Trane® engineering bulletin (COIL-EB-24)
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Networked Coil Loops

The old diagram from 40 years ago
(Figure 1) still holds true: coil loops can
be applied with one outdoor-air coil
and one exhaust-air coil (1:1). However,
in many commercial or institutional
buildings, there is a network of these
coils located throughout the building
(Figure 2).

Examples of a networked coil loop in
buildings include:

* In alaboratory building, it is common to
have one— or a few— central air
handlers on the roof ejecting exhaust
air, but multiple 100-percent outdoor air
handlers located throughout the
building (outdoor-air coils >> exhaust-
air coils).

* In a commercial building, the opposite
is often the case: more exhaust-air coils
than outdoor-air coils (outdoor-air coils
<< gxhaust-air coils).

These two scenarios have brought
renewed interest in networked coil
loops.

In addition, the advancement of air-
handling unit controls and building
automation have made control
integration of networked coil loops less
complex and more efficient. (No longer
is operation limited by an independent
central loop controller because of
pneumatics!) This EN discusses what
can be expected for performance from
an exhaust-air energy recovery coil
loop, and how it can be optimized.

Optimize Coil Loop
Performance by Selecting
the Best Coils for the
Application

When optimizing the design of a coil
loop, the first items to review are the
hydronic coils. Each coil needs to be
selected and optimized for the
application. Coils are available with
various enhanced fin designs, fin
spacing options, options to improve
fluid flow turbulence and improve heat
transfer, circuiting options, and various
tube diameters. All of these options
help to optimize heat transfer for an
energy-efficient coil loop.

The primary energy cost of a coil loop
is the added air pressure drop of the
coils in the airstreams. This increases
fan energy usage. There are a number
of factors that affect pump energy use,
but keep in mind that the fluid pressure
drop through the coil impacts pump
energy use.

Selecting coils based solely on the
highest amount of heat recovered
likely will not result in the most
efficient overall system, as this will
significantly increase fan power and/or
pump power. On the other hand,
selecting coils for the lowest air or fluid
pressure drop will not result in the
most efficient system. And note that
strictly specifying a specific tube
diameter, circuiting arrangement, or fin

Figure 2. Examples of a networked coil loop in buildings
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design will also miss out on the most
optimal choice. It's best to start with a
realistic goal for quantity of heat
recovered and then optimize the coil
selections for reasonable air and
fluid pressure drops.

For each coil in the loop, the following
are the options to consider:

*  Tube diameter

*  Coil circuiting

*  Fin design/type

*  Fin density

*  Facearea

*  MNumber of rows of tubes

*  Options to increase turbulence

The physical length of the coil face
(along with the air and fluid flow rates)
determines which tube diameter and
circuiting arrangement will result in the
best balance of heat recovered, air
pressure drop, and fluid pressure drop
(Figure 3).

An optimized, networked coil loop will
most likely use different coil types—
each selection based on airflow and
physical size constraints. Hydronic
coils are the most flexible for sizing to
fit a given installation, compared to
other exhaust-air energy recovery
devices. If the airflows in a networked
coil loop vary, but all the coils are of the
same tube diameter, circuiting
arrangement, number of rows, and
number and type of fins, the coil loop is
likely not optimized.

When optimized coils are selected, a
sensible energy recovery ratio
between 0.45 and 0.60 can be
expected. The recommendations in
Figure 4 assumes close to equal
outdoor and exhaust airflows and that
an optimum coil tube diameter,
circuiting arrangement, and fin type
are selected, with the only variables
being the number of rows and the coil
face area (face velocity). There are
other variables with respect to the
application and coil geometry, so the
purpose of this chart is to define
maximum recovery expectations for
coil face area and number of rows.

Air pressure drop for the targeted
sensible energy recovery ratio range
will likely be between 0.4 and 1.4 in.
H-0, it can vary greatly depending on
installation constraints and project
goals.
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Figure 3. Recommended tube diameter and circuiting arrangement for an optimized coil loop
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Fluid pressure drop for optimized coils
should typically be between 15 and 30
ft. H20. But if the goal is to achieve the
highest sensible energy recovery ratio
possible, this pressure drop will be
higher. And in very cold climates, the
fluid pressure drop will increase
dramatically if 40 percent (or more)
glycol concentration is needed.
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CONDENSATION ON THE EXHAUST-SIDE
COIL IMPROVES PERFORMANCE

During heating operation, cooling the
exhaust air below its dew point—and
thereby condensing water vapor out of
the air—increases the amount of heat
recovered. However, this condensation
is unlikely to occur unless humidifiers
are used to raise the indoor humidity
level during cold weather or if a
process is releasing large amounts of
water vapor into the building.
Laboratories, which are a common
application for coil loops, often use
humidifiers during the winter.

Figure 4. Recommended coil size (face velocity) and rows for an optimized coil loop
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Note: Target performance range based on air pressure drop of 0.4 to 1.4 in. H:0 and fluid pressure

drop of 15 to 30 ft. H20
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As an example, a space that is
conditioned to 70°F dry bulb and 35
percent relative humidity (RH) has a
corresponding dew-point temperature
of 41°F. Cooling the exhaust air down
to a dry-bulb temperature of 35.5°F
(below its dew point) will cause water
vapor to condense out of the air and
onto the exhaust-side coil surface. This
latent work (condensation) results in
22 percent more energy extracted from
the exhaust air than if the exhaust air
was at a 32°F dew point (70°F dry bulb
and 25 percent RH) and cooled to the
same temperature (Figure 5). This
additional energy extracted from the
exhaust air results in more sensible
heat added to the outdoor airstream.

OPTIMIZE COIL LOOP PERFORMANCE BY
CONSIDERING FROST LIMITATIONS

While condensation increases the
amount of heat recovered, controls are
needed to prevent this condensate
from freezing (ice) on the surface of the
exhaust-side coils, which would
impede airflow and potentially damage
the coil. The objective of frost control is
to prevent frost and ice, not to prevent
condensation.

If the dew-point temperature of the
exhaust air is higher than 32°F, the
objective is to prevent ice from forming
on the coil. In this case, it is beneficial
to design the coil loop to condense
water from the exhaust air, but in order
to prevent ice from forming, the fluid
entering the exhaust-side is prevented
from dropping below 32°F.

17
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Figure 5.

Condensation results in more energy extracted from the exhaust airstream

Humidified air increases the heat recoverad

Example: 22 percent more heat from 35 percent RH

versus 25 percent RH return air

If the frost-point temperature of the
exhaust air is below 32°F, the objective
is to prevent frost from forming on the
coil. In this case, the temperature of the
fluid entering the exhaust-side coil
must be limited to the frost-point
temperature of the entering air: at 70°F
dry bulb and 20 percent RH, this is
27°F, and at 70°F dry bulb and 15
percent RH, this is 21°F.

The fluid temperature entering the
exhaust-side coil can be regulated
using a three-way valve to blend
warmer fluid returning from the
exhaust-side coil with cold fluid
returning from the outdoor-air coil (as
shown in Figure 1). Both the dry-bulb
temperature and relative humidity of

35.5°F leaving coil

the entering exhaust air are measured
and used to calculate the
corresponding dew-point (or frost-
point) temperature. The setpoint for
the three-way valve is then dynamically
reset based on current exhaust-air
conditions, rather than using a fixed
32°F setpoint.

Frost or ice prevention may be required
at the building’s peak design heating
load, when the entering outdoor air is
the coldest. The two charts in Figure 6
show the highest sensible
effectiveness possible before frost or
ice begins to form. Optimizing the coil
loop to achieve a higher effectiveness
than this limit will not result in more
energy recovered at peak heating load

Figure 6. Highest sensible effectiveness possible before ice (left) and frost (right) begins forming

o _. returm air g .
P 35 perent RH condensing conditions
1. 25 percent RH non-condensing conditions

conditions, because the frost
prevention controls will limit the
amount of heat recovered to prevent
the fluid temperature entering the
exhaust-side coil from getting too cold.

For example, if the winter design
outdoor temperature is -10°F and the
exhaust-air conditions are 70°F dry
bulb and 20 percent RH, the maximum
sensible effectiveness is 50 percent.
MNote that this is dependent on the
humidity level of the exhaust
airstream, not the coil selection.
Therefore, adding rows and fins to
achieve an effectiveness higher than
50 percent will not reduce the design
heating load, but will increase both the
cost of the coil and fan and pump

energy use.
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EXAMPLE NETWORKED COIL LOOP SELECTION

Consider an existing laboratory building that uses centralized exhaust and distributed outdoor air handlers (like depicted in the left-hand diagram
in Figure 2):
* Two exhaust-side AHUs ejecting 30,000 scfm each (60,000 scim in total)
= Six supply-side AHU’s bringing in 66,000 scfm of outdoor air in total
- Two AHUs bringing in 6,000 scfm each

- Two AHUs bringing in 10,000 scfm each
- Two AHUs bringing in 17,000 scfm each

= Winter design conditions: outdoor air is 0°F and exhaust air is 70°F dry bulb and 35 percent RH

Design criteria 1: Minimum sensible energy recovery ratio of 0.50. With an entering outdoor-air temperature (DBT1) of 0°F, and an entering
exhaust-air temperature (DBT3) of 70°F, achieving at least a 0.50 sensible energy recovery ratio requires the air leaving the outdoor-air coil (DBT3)
be no lower than 35°F dry bulb:

* sensible energy recovery ratio = (DBT, - DBT;) / (DBT; - DBT3)
«  0.50=(0°F-DBTz)/ (0°F - 70°F), therefore DBT2 = 35°F

Heating 66,000 scfm of outdoor air from 0°F to 35°F requires a minimum of 2,506 MBh heat recovered from the exhaust airstreams:
. 1.088 x 66,000 scfm x (35°F - 0°F) = 2,606,000 Btu/h = 2,506 MEh

Mote that because the outdoor and exhaust airflows are not equal in this example, a 0.60 sensible energy recovery ratio corresponds to a sensible
effectiveness (£sensibie) of 55 percent:

*  Esensible = (CFMsypply / CFMminimum) % (DBT; - DBT3) / (DBT, - DBT3)
*  Egansible = (66,000 scfm / 60,000 scfm) x (0°F - 35°F) / (0°F - 70°F) = 0.55 or 55%

Design criteria 2: Limited space for the outdoor-air coils. Outdoor air handlers serving a laboratory contain additional components, such as
cooling coils, humidifiers, or high-efficiency filters. Therefore, the outdoor-air coil for a coil loop might be constrained to an existing coil face
velocity (450 to 500 fpm, for example) to minimize added cost and footprint of the air handler.

Design criteria 3: Reduce fan power of the outdoor air handlers. Outdoor air handlers serving a laboratory have internal static pressure losses
associated with the additional components mentioned previously. Often, a goal is to limit the air pressure drop of the outdoor-air coil to avoid
needing to increase the fan motor size or to keep below the 0.6 in. Hz0 credit allowed by ASHRAE® Standard 90.1 (Section 6.5.3.1.1 in the 2019
version).

Suggested approach for selecting coils. Based on the charts in Figure 6, with exhaust air entering the coil at 7T0°F dry bulb and 35 percent RH,
the maximum sensible effectiveness that can be achieved before frost begins to form is 56 percent. This corresponds to a maximum sensible
energy recovery ratio of 0.51, so the design criteria of 0.50 should be achievable.

The exhaust-air coils in this example will need to be selected with a close approach (~4°F), which is the difference between the entering fluid
temperature (32°F) and the air temperature leaving the coil (~36°F). This is a closer approach than will be required of the outdoor-air coils.
Therefore, the cost required for additional coil face area and rows is best spent on the exhaust-air coils.

Laboratory exhaust air handler fans can generate a lot of noise, often requiring silencers installed at low air face velocity to minimize sound
transmission to the space. For this reason, using a larger face area for the exhaust-air coils may not dictate an increase in the size of the air
handler casing.

Assuming some flexibility to increase coil face area in the exhaust air handlers, the minimum heat recovered from the exhaust airstreams (2,508
MBh in total, or 1,253 MBh for each exhaust air handler, and a 32°F fluid temperature entering the exhaust-air coils are used by coil selection
software to find an optimized coil, by varying the coil face area and number of rows (Table 1).

For this example, at heating design conditions, the fluid flow rate for the overall loop is 460 gpm. This flow rate is then distributed to the outdoor-
air coils in the six outdoor air handlers.

Based on Figure 4, to achieve a 0.50 sensible energy recovery ratio with a coil face velocity between 450 and 500 fpm (due to limited space in the
outdoor air handlers) the outdoor-air coils will require either six or eight rows.

Using the fixed face areas, and starting with six rows (to keep the air pressure drops lower), the outdoor-air coils are then optimized by varying coil
type, fin type, and fin spacing (Table 2).

As mentioned previously, an optimized networked coil loop will include coils of varying types and sizes. As in this example, this does not result in
the same leaving-air temperature or leaving fluid temperature for every coil. The goal is to distribute the energy extracted from the exhaust air to
the outdoor-air coils using the least required pump and fan energy.

This example coil loop meets the stated design criteria by having a sensible energy recovery ratio of 0.51, at heating design conditions, with air
pressure drop for each outdoor-air coil being less than 0.6 in. HzO. In addition, the fluid pressure drop for each coil is no mare than 20 ft. HzO0.
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Table 1. Example optimized exhaust-air coil selections, at heating design conditions

)
K

I | 5NN NN A A NN

1,283 MEBh of heat recovered from exhaust at
winter design conditions

AN N

| #ier.

I 30,000 scfm, 70°F

EAHU-1 (EAHU-2 is identical)

Exhaust air recovery coil details

Fins per Total Face
Foot Area

EAHU-1 &2 | Trane WD 5/8in. Double B Prima Flo H 144 69.27 ft2 2 37in. 133in

Qty Coil Height Coil Length

Winter design air performance data

Air i Face Air Pressure Leaving Capacity

Velocity Dro
soim tpm in. H:{] DB °F WE*F Total MBH Sens MBH  Latent MBH

EAHU-1 & 2 30,000 433 093 70.0 54.4 357 35.6 1,283 1120 163

Winter design fluid performance data

Eluid Fluid

Unit Fluid Flow Velocity Pressure Entering

gpm

EAHU-1 & 2 230 2.54 12.9 32.0 44.7 1,283 30% ethylene glycol
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Table 2. Example optimized outdoor-air coil selectiong, at heating design conditions

o
o

OAHU-1 and OAHU-2

17,000 cfm O°F

OAHU-5 and OAHU-6 EET = 44.7°F

YLFT- 30.9°F
66 gpm

Outdoor air recovery coil detalls

Tubea Fins per
Unit Model Di o Circuit Type Rows Fin Type

Total Face
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OAHU-1 &2 Trane W 6/8 in.

Foot
Single 5] Prima Flo E 1356

priahs Qty Coil Height Coil Length

3353 ft2 1 55 in.

B7 in.

OAHU-5 &6 Trane UW 1/2in.

ouble 6 |OmegaFioH| 112

12uf2 | 1 | 32in

Single <] Delta FloH 130

2081 fi2 1 43in.

B9 in.

Winter design air performance data

Air Pressure
Drop

in. HzO
OAHU-1 & 2 17,000 507 0.55 0.0

36.3 671

OAHU-5 &6 10,000 43 0.55

0.0 36.7 398

Winter design fluid performance data

OAHU-1 &2 110 329 200

30% ethylene glycol

OAHU-5 & 8 66 3.33

19.8 44.7 309 398

30% etl'lylene glycol
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CAPACITY CONTROL FOR AN OPTIMIZED
COIL LOOP

Complex control methods are not
required to optimize the performance
of a networked coil loop. Like most
chilled-water or hydronic hot-water
distribution systems, a variable-speed
coil loop pump can be modulated to
maintain pressure in the loop ata
desired setpoint and the loop is
balanced to ensure that each outdoor-
air coil receives its required fluid flow
rate (Figure 7). The pumps are similar
in type and control as other pumps,
which may be located in the same
mechanical room or penthouse.

The coils in the outdoor air handlers
are equipped with modulating, two-
way control valves, which are used to
vary the amount of heat recovered.
These valves are similar in type and
control as other valves used on chilled-
or hot-water coils in the same air
handler, and are controlled by the
same air handler unit controller. This
simplifies implementation since the
controlled devices (valves) and control
methods for the coil loop are familiar.

Figure 7.

recovery supplpfied

460 GPM ot 44.7F

Capacity control in heating mode.
Capacity control of the outdoor-air coil
is often required during heating mode
to prevent recovering too much heat.
This occurs in two different scenarios:

= Capacity control is needed to avoid
overheating the supply air when the
entering outdoor air is not very cold,
and full heat-recovery capacity from the
coil loop is not needed. When the
outdoor-air temperature is above
approximately 40°F, the two-way valve
on each outdoor-air coil modulates
further closed to prevent overheating
the air above the air handler’'s current
supply-air temperature setpoint (65°F,
for example). The variable-speed pump
controller responds to the partially-
closed valves by reducing the pump
speed, reducing the fluid flow rate in
the loop.

*  Capacity control is needed to avoid
frost or ice formation on the exhaust-air
coils when the entering outdoor air is
very cold. When conditions are such
that the potential for frosting exists, the
two-way valve on each outdoor-air coil
modulates further closed to prevent the
coil from exceeding its maximum
recovery capacity. The temperature of
the fluid returning from the outdoor-air
coils will be below the minimum
exhaust fluid temperature (32°F for the
example). The three-way mixing valve is
used to blend warmer fluid returning

Networked coil loop flow diagram with control valves
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Figure 8. Frost prevention in a networked coil loop
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from the exhaust-air coils with this very
cold fluid returning from the outdoor-air
coils (Figure B). This mixing valve
modulates to keep the fluid
temperature entering the exhaust-air
coils above the minimum setpoint (32°F
in this example). Since the fluid flow
rate through the exhaust-air coils is at
(or very near) the design flow rate, this
is the maximum amount of energy that
can be recovered from the exhaust
airstreams.

In a conventional 1:1 coil loop

(Figure 1), the single three-way valve
can be used for both capacity control
and frost prevention; no additional two-
way valves are needed. However, in &
networked coil loop with multiple
outdoor-air coils, a two-way valve is
needed for each outdoor-air coil (in
addition to the central three-way valve)
to ensure the fluid heated by the
exhaust air is distributed to each of the
outdoor-air coils and the optimum
amount of energy is recovered.

Supplemental heat. For this example
laboratory building, the outdoor air
handlers are required to deliver 55°F air
year-round. This may require
supplemental heat if the coil loop
cannot provide all the needed capacity.

Add heat with additional coil. One
solution is to add a hot-water coil
located immediately downstream of
the outdoor-air coil (see left-hand
diagram in Figure 9). This
supplemental coil is used, when
needed, to warm the air to the air
handler's current supply-air
temperature setpoint (55°F for this
example) using hot water supplied by
either a boiler or heat pump.

Add heat into loop. An alternative
solution is to add heat to the coil loop
fluid before it enters the outdoor-air
coils (see right-hand diagram in
Figure 9, and Figure 10). This has the
advantage of reducing the number of
coils in the air handler, and also
avoiding the need to install hot-water
pipes to each air handler. However, this
approach greatly reduces the amount
of heat recovered and will not be able
to achieve a 0.50 sensible energy
recovery ratio, as required in this
example.
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Table 3. Example coil loop performance with supplemental heat added to the loop
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1,626 MBH energy recovered at design heating conditions
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Loop heating penalty. Adding heat to
the fluid in the loop raises the overall
loop temperature. This reduces the
amount of heat that can be recovered,
since it is more difficult for this warmer
fluid to extract heat from the exhaust
air (see Table 3 and Figure 10, as
compared to Table 1). In this example,
the total amount of heat recovered at
design heating conditions drops by 40
percent to 1,526 MBh (763 MBh from
each exhaust air handler) and the
sensible heat recovery ratio drops to
0.30 (equates to a sensible
effectiveness of 33 percent).

Capacity control in cooling mode.
Modulating the capacity of a coil loop
in cooling mode is not required.
However, the coil loop pump(s) should
be turned off to avoid transferring
unwanted heat to the entering outdoor
air during this mode. This occurs when
the entering outdoor-air temperature

ooy

480 ﬁPMaNB--!'Fl “1 480 GPMal 45.4'F

drops below the entering exhaust-air
temperature, At these conditions,
operating the coil loop pump would
transfer unwanted heat from the
warmer exhaust air to the cooler
outdoor air.

Oftentimes, in cooling mode, the coil
loop pump is not activated until the
entering outdoor-air temperature rises
to a few degrees above the exhaust-air
temperature (above 80°F when the
exhaust air is 75°F, for example). When
the temperatures are this close, the
amount of heat transferred is relatively
small and operating the coil loop pump
is less efficient than providing this
cooling capacity using the chiller-
water system.

Equal versus different fluid flow
rates. The coil loop selected for this
example laboratory uses the same fluid
flow rate at both cooling and heating

exbaist gif
recoveny
ooile

design conditions. However, if the fluid
pressure drop at heating design
conditions is very high, it may be
desirable to reduce the fluid flow rate
during cooling operation to best
optimize performance. In other
applications, the fluid flow rate might
be higher at cooling design conditions
to increase sensible effectiveness. In
either of these cases, the coil loop
pump(s) will be controlled to different
pressure setpoints in cooling versus
heating mode.

For the example depicted in this EN,
the fluid pressure drops are relatively
low, so the same fluid flow rate is used
at both heating and cooling design
conditions.

Table 4 includes this example coil
loop's performance at cooling design
conditions. The sensible energy

recovery ratio is 0.50, which equates to
a sensible effectiveness of 56 percent.
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Table 4. Example optimized coil loop performance, at cooling design conditions

Cooling design exhaust coil air performance data

Leaving Capacity

Sens MBH

DE°F

EAHU-1 &2 30,000 433 0.79 72.0 84.9 421

EAHU-1 &2 230 2.54 11.9 B55 814 421 30% ethylene glycol

OAHU-1 &2 17,000 507 0.55 950 B83.7 214
OAHU3&4 | 6,000 495 055 | 950 837 76
OAHU-5 &6 10,000 481 0.65 95.0 B36 127

Fluid
Fluid Flow
Veloc
apm ity
OAHU-1 &2 110 3.29 17.0 B1.4 B5.8 214 30% ethylene glycol
OAHU-5 &6 1] 3.33 17.2 B1.4 85.7 127 30% ethylene glycol

To help maximize the amount of energy
recovered, supplemental heating
should be accomplished using a

Conclusion

Recovering energy from a building's
exhaust air using a coil loop can be a
flexible and efficient solution,
especially when trying to reduce the
peak heating load. To help maximize
efficiency, the coil selections need to
be optimized for the application. This
will result in different type and size of
coils for different airflows.

With today's building automation,
control and monitoring of coil loop
performance can be integrated without
complicated control techniques.
Control of the coil loop is similar to
capacity control of conventional
hydronic cooling and heating coils, as
the same valve and pump types and
control methods are used. The heat-
recovery coils should be part of the air
handler's control sequence to ensure
reliable operation and optimize energy
recovery.

downstream heating coil. Alternatively,
heat can be added to the fluid in the
loop, but this will reduce the amount of
heat recovered.

This all makes coil loops more efficient
and easier to implement than 40 years
ago.

By Ronnie Moffitt, Trane. To subscribe or view
previous issues of the Engineers Newsletter visit
trane.com. Send comments 1o ENL@trane.com.
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