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I Optional ultraviolet (UVC) fluorescent lamp and photo catalyst filter mruAmMsaizolsa
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concealed type of fan coil (HFCF)
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_ H TG .|
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4 ¥ i l T T l T _t

Mounting Dimension 946x131
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HVACG Parts & Supplies

Intelligent Control

1 Av1oa0a/0a fan coil unit Wiring Diagram

I Self-diagnose and eliminate failure function

I s:uusnupDwUaoarasase:Uoniumsniniu

waund@uovs:uullo thermostat §oa 1a: Auto

Water Return

trigger fire alarm 1D0QUKNIMEIUKOLEDLNN
55 QG Walter Supply

Maximum wiring |[
f==1
=

distance : 30 Melar

N

Technical Data ! I

) = | |-
Material ABS, Fire test : UL 94 V-0 o .
Panel dimension 970 mm.(L) x 170 mm.(W) TDG100S : Luairy type.
Grille area 789 mm.(L) x 95 mm.({W)
Input voltage 230 V +/- 5% 50/60 Hz
Input power 2.2 W
Fuse specification 5 Af250 V

Temp. Sensing range 0°C-50°C
LCD thermostat

Dimension 100 mm.(W) x 116 mm.(H) x 20 mm.(D)
Backlight color Light Blue

Input power DC 12V , Supplied by the power board
Temp. adjustable range | 10 °C -35 °C

Operation mode Auto, Cooling, Heating, Dehumidifying
Fan mode Auto, HI-MED-LOW

Outputs Alarm, Key card , UV light

Wiring specification UL2464/24 AWG or 26 AWG 2C twin

wire braid shield
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The Impact of VSDs

on Chiller Plant Performance

The efficiency of various chiller plant
designs and operation strategies is a
hot industry topic. A recent five-part
series in the ASHRAE Journal provided
an excellent process for designing an
efficient modern chiller plant.

Also reverberating through the industry
is the concept of the all-variable-speed
chiller plant. With the popularity and
falling prices of variable-speed drives
(VSDs), the sentiment of SOAV (Slap
On A ¥SD) has ramped up. While
investing in a V5D on chiller plant
components typically results in energy
savings, the magnitude of savings and
the payback can vary significantly.

The purpose of this Engineers
Newsletter is to compare the impact of
the addition of VSDs to various chiller
plant components under a few different
design and control conditions. It is our
hope that it will provoke plant
designers to explore the range of plant
design and control possibilities on
future projects.

The Analysis

To provide enough diversity to make this a
useful analysis, the following examples will
be analyzed.

Building Types:
* Chicago office with economizer
* Memphis hospital no economizer

*  MNiami office no economizer

Base Chiller Plant Configurations:

Chilled-water conditions 66°F=42°F
(1.7gpmyton]

Condenser water flow 85°F-04 4°F

conditions (3 gpmyton]

Cooling tower cell per chiller {38.21 gpm/hp)

Condenser water pump per (19 Wihp)

chiller

1, 2, and 3 constant-speed 0.567 EW/ton)

chillers

Fixed tower setpoint control 85°F

ASHHAE 90.1-2010 Fath A compliant

[1] Per ASHRAE 90.1 2007 - Appendix G Baseline
Building

% TRANE

Business Development & Application Team
Trane Thailand

Chapter 1

Alternatives: From these base conditions
the analysis will consider:

* optimized control sequences,

+ the addition of VSDs to various
components, and

* nearoptimum system design
conditions.

Because several of the optimized control
strateqgies considered are difficult to analyze
in commercially available energy modeling
software, a custom program was created to
perform the analysis. It utilizes multivariable
quadratic chiller modeling algorithrms and
the ASHRAE cooling tower performance
model, deviating from design setpoints only
where specified to evaluate optimized
control. The modeling program performs an
8760 hour analysis using TMY3 weather
files.

The resulting energy performance is
reported as annualized kWiton. This value 1s
calculated by dividing total annual chiller
plant kWh by total annual system ton-hrs. It
represents a yearlong average of the chiller
plant's performance.

Finally, it is impaortant to note that in order to
maintain a reasonable scope for this
analysis, we considered the energy
consumption of only chiller and heat
rejection equipment (condenser pump and
tower fan).
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The Impact of VSDs
on Chiller Plant Performance

Figure 1. Base case system performance in annualized kW/ton

cond.  cond Chicago office Memphis hospital Miami office
wtr.- wtr.- - with economizer ng economizer no econamizer
chiller clg. bar. Pow rate flow  control (annualized k'W/ton) (annualized kW ton) (annualized kW ton)

type fans (gpm/ton) type methed (0.5 0.6 0.7 08 09 1.0 1.1 0.5 06 07 0B 08 10 1.1 05 06 0.7 0B 09 10 1.1

base L5 1 spd 3 CF BS°F L | [ | ] ] L™ ] i i [ ] "

@ 1 chiller M 2 chillers? I 2 chillers?
sized for 110% of the building full ladl, sized for 55% of the building full leadl, sized for 36.7% of the building full load?,
1 condenser pump and 1 tower cell 2 condenser pumps and 2 tower cells 3 condenser pumps and 3 towe cells

7o represent a reasonable safety factor
2equally sized chillers, sequenced to keep the constant-speed chillers as fully loaded as possibie

The Base Case. Figure 1 represents our For the two- and three-chiller examples, the * Second, the annual plant efficiency for
base case for this EN comparison— lag chillers are cycled off as soon as the the Chicago location looks worse than
performance of an all-constant-speed plant load allows. In an all-constant-speed the others. As chillers are added, the
system operating with a cooling tower system, if the lag chillers are left on at lower difference becomes less. There are
setpoint of 85°F The left side of the table loads, the annualized plant performance will twao significant reasons.
Shﬂ;’fs. the g]!aglt r::ﬂnﬂgunl'at!nh and operating  be worse, ap;m:.ach_mgl ﬂ;ﬁfﬁlualmg 1:thraf R - e R e e Tl
con |‘[|r.}n5_. able abbreviations represant energy use of the single-chiller system. operation, the Chicago office has
the following: a higher percentage of hours
ce SoiiEnena DhSEF}FﬂtIDH 5. From this base EESE‘_ operating at lower loading on the
analysis we can make two observations. chillers. With the En‘tering
V5 variable speed :
e First, the use of multiple chillers condenser water being controlled
- I = II . a »
1 5pd single speed significantly decreases the energy use to 85°F, the increased low load
3gpmiton  high flow rate of the plant, with the greatest impact kWiton of the constant-speed
2 gomfton  near optimal flow rate seen in going from one chiller to two. chiller{s) and high relative ,
CcF S e This occurs because at many part-load condenser pump Rl results in
_ hours, half or more of the pump and fan worse system efficiency at low-
o ki energy can be cycled off. This results in load hours.
85°F constant leaving water setpoint @ much better balance of chiller, pump — At low loads there are fewer tons
Opt real-time optimized tower water temp. and fan power relative to the cooling across which to distribute the high
control load. At many part-load hours, one or flowshigh level of condenser
more chillers also can be cycled off, pump energy, resulting in a more
The energy per_fc:r_man-::e results for each allowing the remaining chillers to pronounced negative effect on the
chatlpn and building tvpe are shown on the operate at a more efficient load point. system annualized performance.
right in terms of annualized performance of
kWV/ton.
Figure 2. Alternative 1 and base case companson of constant-speed versus vanable-speed cooling-tower fan control
Chicago office | Memphis hospital | Miami office
':“T' mﬂ"d' = with economizer no economizer no economizer
chiller  clg. twr. ﬂn: rakn ﬂm:'- mn.;.'m {annualized kW, /ton) {annualized kW/ten) (annualized kW/ton)
type  fans (gpm/ton) type method 0.5 0.6 0.7 0.8 09 1.0 1.1 |05 06 07 08 09 10 1.1 |05 06 07 08 09 1.0 11
base. €S 1 spd 3 CF 85% - L ® - ) e - R @
1. Cs VS 3 CF  85°F b e . LN L - e

| @ 1 chiller M : chillers B 3 chillers
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The Impact of VSDs
on Chiller Plant Performance

Alternative 1. The first alternative (Figure
2) applies vanable-speed control to the
cooling-tower fan, again with a cooling-
tower leaving-water temperature setpoint
of 85°F

Observations:

*  Adding VSDs to the cooling-tower fans
improves plant efficiency by 8 to 13
percent. As might be expected, the

least improvement is on the three-
chiller Miarmi plant and the greatest
percentage improvement is on the
single-chiller Chicago plant.

Cycling operation of a single fan on a
cooling tower is a very inefficient
method of tower capacity control.

Taking advantage of the affinity laws on
a free discharge variable-speed device,
even without optimized setpoint
control, results in substantial savings.

Figure 3. Alternative 2 with optimized variable-speed-drive (VSD) control on cooling tower fan

cond.  cond,
wir, witr, fwer,
flow rate flow  conbrol

chiller  clg. bar,

Chicago office
with economizer
{annualized kWtan)

Memphis hospital
no economizer
(annualized kW/ton)

type fans (gpm/ton) type method | 0.5 06 0.7 08 09 1.0 1.1 0.5 06 0.7 08 09
base. €5 1 spd 3 CF 85°F | [ | ] ]
1. S VS 3 CF  85°F B " | @
2. 65 Vs 3 CF  oOpt I R @ ' [ - e
| @ 1 chilter M z chitlers B 3 chillers

Alternative 2. Figure 3 compares
performance results of the system with
optimized control of the cooling-tower fan
speed, properly balancing the fan energy
investment relative to the chiller(s)
loading.

Compared to the base case, the plant

efficiency improves by 11 to 24 percent
for the optimally controlled variable-
speed cooling tower alternative. Again,
the least improvement is on the three-
chiller Miami plant. However, this time

— -

* While not obvious from the data, the
stable temperature control enabled by
the tower variable-speed capacity
control also enhances system
efficiency.

Miami office
no economizer
{annualized KW/ bon)
1.0 1.1 05 06 07 0.8 09 10 1.1
= 1 B
Tl @

tower fan results in a greater increase
in plant efficiency than any other
single optimized application of a VSD
in a chiller plant. As we compare
more alternatives this will become
evident.

Observations.

*  Optimizing the vanable-speed cooaling
tower fan operation significantly
improves plant annualized efficiency.

INsu (Us:inAlne)

usun 1esla $ra Bu 30-31 emsondns 2

the greatest percentage improvement is
on the single-chiller Memphis plant with
the single-chiller Chicago plant not far
behind.

Relative to installed cost, and often on
an absolute basis, the application of a
VSD with optimized control on a cooling-

@i 1126/2 nuuwissuddalhu iwoounn:du wasisind nsoinw< 10400

Ins. 0 2704 9999

www tranethailand.com

Conclusion. Every chiller plant should
utilize optimized variable-speed control
on all cooling-tower fans. There is not a
hetter chiller plant energy-saving
investment available.

To be continued...
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