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The BROAD Group Founded in 1988,

oo _ _ * BROAD Air Conditioning Co., Ltd.
World leader in high capacity HVAC systems along with

chillers, ventilation, filtration, air purification solutions and

. o : . - * BROAD CI Air Technol Co., Ltd.
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countries, and deployed across a wide spectrum of industrial, _ -
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Basic Principles of Absorption Chiller

Electrical Chiller vs. Absorption Chiller

Both chiller refrigeration cycles are accomplished by:
1. of heat through the evaporation of a refrigerant at a low pressure
2. of heat through the condensation of the refrigerant at a higher pressure

Basic differences:

1. An electric chiller use a mechanical compressor to create the pressure differences necessary to circulate the refrigerant
2. Absorption chillers use a heat source and replaces the compressor with a generator and an absorber
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Basic Principles of Absorption Chiller

Why Lithium Bromide(LiBr) Solution?

Distilled Water
(Refrigerant)

e D
. -
]
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Lithium Bromide (Absorbent) Lithium Bromide (Solution)

/)

A

O Stable O High latent heat of vaporization

O Nontoxic O High affinity for water (refrigerant)

O Readily available O In solution, higher boiling point than water
a

Environmentally friendly 1,265° C(2,309° F)




Basic Principles of Absorption Chiller

1. Refrigerant phase change:
Vaporization — Liquid to gas (included boiling and evaporation) — Absorb heat
Condensation— Gas to liqguid — Release heat

2. Boiling temperature:
A liquid in a partial vacuum has a lower boiling point than when that liquid is

at atmospheric pressure.
“

alcohol vapor

ckin surface
T M . S—
T A m— 212° F 14.7 psia = 0 psig =29.92 inHgA
cold b L r _ _ _
39° F 0.117 psia = -14.58 psig = 0.24 inHgA




Basic Principles of Absorption Chiller

. PSI = Pounds Per Square Inch
What'S the dlffe rence between PSl is the most basic unit to measure Sl + {

pressure. The majority of pressure
PS I ’ Ps IA' & Ps I G? transducers are specified in pounds

per square inch.

A = Absolute
G = Gauge

V = Vacuum

VACUUM PRESSURE (PSIV) GAUGE PRESSURE (PSIG)

Relative to atmospheric pressure

14.7 Psiv
(-14.7 psic) 0 PsIG 100 psiG
0 PSIA =14.7 PSIA 114.7 PSIA
Full vacuum Atmospheric pressure Pressure reading

ABSOLUTE PRESSURE (PSIA)

Relative to full vacuum

Boiling point Pressure
14.7 psia = 0 psig =29.92 inHgA

0.117 psia =-14.58 psig = 0.24 inHgA
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Basic Principles of Absorption Chiller

Steam or

hot water

Expansion
device

chilled
water outlet

chilled I::> =

water inlet

cooling |::>|7—
water inlet

- concentrated solution

(:) diluted solution
C) refrigerant wvapor
(D refrigerant water
@ cooling water

. Refrigerant
(D chilled water pump

Solution pump
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1. Hot water enters the copper tubes
and heats the diluted solution to

(60% 2OOF) Concentrated ‘ , Dilute (55% 180F)
Solution Solution

Pressure =-13.59 Psig = 2.25in Hg

2. The refrigerant(water) boils and
separates from solution, traveling to the
condenser

3. The generated refrigerant vapor travels
to the condenser




Steam or .
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Refrigerant .
Concentrated Dilute
| Generator Solution & H Solution

Pressure = -13.59 Psig = 2.25in Hg
2. Heat from the refrigerant vapor transfer to the
condenser(cooling) water

3. Refrigerant condenses resulting in refrigerant
water
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The expansion device is a throttling pipe, which
IS a long section of pipe with
an orifice restriction in it.

. Refrigerant water flows through the
expansion device

. Expansion device maintains the pressure
difference between high
pressure(condenser) and low pressure
(evaporator)
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Refrigerant

vapor 1. 39" F refrigerant water from condenser sprays on
the chilled water tube in vacuum condition

Liguid ’ || 4 . .
Pressure = -14.58 Psig = 0.25 In Hg

Refrigerant |

| N : / 2. Partial water evaporates and goes into absorber

- 3. Unevaporated Refrigerant water will be recycled thru
R-pump and sprayed again

Refrigerant Pump
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Absorber

Absorption of the refrigerant vapor creates a low pressure area within the absorber, along with the
absorbent’s affinity for water, induces a continuous flow of refrigerant vapor from the evaporator.

Concentrated
Solution

Refrigerant vapor produced in the evaporator is
absorbed by LiBr solution

Refrigerant vapor condenses back to liquid

Heat generated is rejected to the cooling (condenser)
water




180F
120F 55%

000000 60% /]\

QOOQ00 HTHE

Heat exchanger

Weak solution supply
(100F,55%)

Strong Solution
return

(200F, 60%)

Purpose of HTHE (LTHE)

@)

Preheats the diluted solution, reducing the heat
energy consumption.
Precools the concentrated solution, reducing the

required flow rate of cooling water

High temp strong solution Low temp diluted solution

Plate type heat exchanger




Basic Principles of Absorption Chiller
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Basic Principles of Absorption Chiller

Single stage chiller Vs Two stage chiller

[ === I COP: coefficient of performance
S—— _;: : Single stage 0.7~0.8
= q -Jﬁéz'r;:n chiller
Double stage 1.3~1.4

Condensed
Refrigerant

chiller

Refrigerant vapor

The equationis: COP = %

—>

Steam or
Hot water where

Q is the heat supplied to or removed from water.
W is the work consumed by the Unit.
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Basic Principles of Absorption Chiller

Two stage chiller

Angle Valve

A i
i
- ( o~ o ), = Solution Level
= = A e s Temperature probe
Cooling Water Outlet | condenser Low temperatufe | condenser Sz

-

steaminlet

Chilled Water outlet

o

E\'ap()mtnr) absorber

High temperature
heat exchanger

Chilled Water Inlet

-

Trap
Cooling Water Inlet

-

Angle Valve
A

Regrigerant By-bass valve A 4
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Basic Principles of Absorption Chiller

To Absorber From LTG

106°F 194°F
64% 63%

|

Two stage chiller

LTHE H
1. 194° F Concentrated solution heat up the 1
100° F diluted solution from absorber
2. Concentrated solution cools down to 106
° F before enter the absorber 2.
3. Heatrecovery up to 88 ° F difference v |

High Temp. Heat
Exchanger

Condensate hear

exchanger

HE

300° F Concentrated solution heats up
the 100° F diluted solution from
absorber

Concentrated solution cools down to
106 ° F before entering the absorber

Heat recovery up to 202 ° F difference

HTG Pump

LTG Pump




Basic Principles of Absorption Chiller

Indirect fire absorption chiller VS Direct fire absorption chiller

Condensed

Refrigerant Refrlgerarjt vapor

Refrigerant vapor

— >

Steam or
Hot water

— <

Condensed Refrigerant Vapor

Refrigerant ™. Refrigerant Vapor




Configuration of Broad Chiller

Functions: Cooling, heating, hot water (dedicatedly or simultaneously)
Energy Sources: Natural Gas, Qil, steam, hot water, exhaust(multiple energy)

Broad Absorption Chiller Product Line

Rl
Q°°lmscapac-tv- 60 to 3300 Tons m

COP=136 IPLV=1566

Heating COP = 0.93

q,olingc:pacuy 60 to 3300 Tons i
coP=141 IPLV = 1.62 !

BH
Two Stage Hot Water
BDH & BDS
Singie Stage Hot Water/ Steam

BDE Capacity: 60 ta 330 Tons

" v
. - ?]
'I MULTI-ENERGY UNITS AND
Y ' “OUTDOOR"” PACKAGES ARE
Single Stage Exhaust COP = 0.79 E] ‘ AVAILIABLE

60 1000 2000 3000

Cooling Capacity: 60 to 1750 Tons
oor-o.u?m




Configuration of Broad Chiller

Single Stage Chiller

B

S| Main Function: Cooling

'/

Heat Source:
 Hot Water
 Steam
 Exhaust

Application: CHP Systems, systems
with excess heat source energy




Configuration of Broad Chiller

Two-Stage Chiller

Main Function:
« Cooling

Heat Source:

« Hot Water

« Steam

« Exhaust

Application:

» Hospitals or Schools with
waste or excess steam or
hot water from their power
plant
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Configuration of Broad Chiller

Two-Stage Direct Fire Chiller

Main Function:
« Cooling
» Heating
* Hot Water
» Cooling and Hot Water
Heat Source:
« Gas/QOil Burner
Application:
« Building with all Year load
* Need to use minimum
electrical suppy
« Substitute electrical supply
for gas/ oll

AN




Configuration of Broad Chiller

Multi Stage Chiller

Main Function:

« Cooling
» Heating
 Hot Water

« Cooling and Hot Water
Heat Source:
» Gas/Oil Burner with Exhaust/Hot Water
Application:
« CHP Systems
* Building with all Year load
* Need to use minimum electrical suppy
» Substitute electrical supply for gas/ oil
» Excess exhaust or Hot water heat
source energy




Configuration of Broad Chiller

Generator Condenser
(Condenser W Bundle)
Evaporator Absorber

(Chilled Water bundle) (Condenser W. bundle)




Configuration of Broad Chiller

HTG (Left side) Main shell (Right side)
High Temperature Generator

Low Temperature
Generator (LTG)

Condenser
(Condenser W
Bundle)

Evaporator
(Chilled Water
bundle

Absorber
(Condenser W.
bundle)

High Temperature
Heat Exchanger (HTHE)
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Configuration of Broad Chiller

HTG and Heating Hotw.  Hotw.  Steam Chiller
enclosure W._inlet outlet  inlet angle

‘‘‘
““““

Rear flue
T |
! |
Flame sight-glass ’ o
Hot w. relief valve 5” ‘ ¥ % o
Heating w. relief valve L; : T
ey, LS

A

=St

Hot w. drain valve D|
Concentrated

solution samplmg solution anale Diluted solution
sampling valve g angle valve

Heating w. drainvalve————— \




&)
Configuration of Broad Chiller
HTG Pressure Gauge

Pressure Limit
11.6Psi (<0.08MPa)

Pressure Delivery
2.9Psi (0.02MPa)

Mainshell
Pressure Gauge
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Confluratlon of Broad Chiller

T~ S i Pressure Gauge
Pressure

Delivery ‘ Pressure Limit
2.9Psi (0.02MPa) £ 11.6Psi (<0.08MPa)

Mainshell




_Configuration of Broad Chiller

DANFOSS Pressure Controller

Setting pressure: 2.9 psig
Auto reset pressure :-2.9 psig/24.02 inHgA
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Configuration of Broad Chiller

Rupture Disk
Limit = 24.6 Psig
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Configuration of Broad Chiller

ﬁ$‘ \I" 1 r
)

Chilled water
Flow switch B3

Chilled water
Flow switch BT

Chilled water
Flow switch BTA

Flow Switches
« 3 -Chilled water
« | -CondenserWater



Configuration of Broad Ch

Precision Pressure Gauge

Chilled W. pressure checking valve

J EROAD = 4 ; o=
.,..\ 2 =~ BROAD SPECTRUM DFA
HEI0E ERERASRAEKE DIRECT-FIRED ABSORPTION CHILLER/HEATER

MDDEL B3275XD-35.6/29 4-1.2/10 8-82.2/T1.1-k-Hz-B« | HEATING CAPACITY

HEATING W.OUTLET/INLET TEMP. 180/160 °F

SHIPMENT. DATE HEATING W.FLOW RATE

BURNER MODEL WMB2072-A ZM-LN | HEATING W.PRESSURE OROP
MAX/MIN.GAS INPUT T W.OUTLET INLET TEMP -

HOT W.FLOW RATE

MAX/MIN.OIL INPUT

6840 lbs

14200+8400 LbS

200 E 74th Street

'BROAD AIRCQNDITIONING CHANGSHA

) S Az mERAE

Condenser W. pressure checking valve




Configuration of Broad Chiller
..

Chilled water outlet temp. sensor

Detects chilled water outlet temperature
Confrols the cooling load accordingly

Prevents tube freezing in the evaporator

Chilled water calibration temp.
sensor

Checks the chilled water outlet temperature

Avoids copper fube freezing in the
evaporator caused by chilled water outlet
temperature error

Chilled water inlet temp. sensor




Configuration of Broad Chiller

Low Temperature Heat Exchanger (LTHE)
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Configuration of Broad Chiller

- Pum
Refrlgr?]ron’r Sfrginpe)r Auto Vent LTG Solution HTG Solution
pump and flange puUMp pPUMP pump




Configuration of Broad Chiller

Pump Strainer

BROAD Advantages

Prevent pump from being clogged.

Prevent spraying nozzle being
blocked.

It is unnecessary to dismantle the
filter for cleaning and maintenance \
work load is reduced.

Canned Pump

Conventional:

Pump is easy to be clogged and
! motor damaged, which results in
blockade of spraying nozzles and
fouling with copper tubes.




Configuration of Broad Chiller

Refrigerant Bypass Valve

i

e —r

I
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Configuration of Broad Chiller

Sight Glass
» Check corrosion or clogging of the nozzles etc.

Under full cooling load

1. LiBr Solution sight Glass:
» Solution level below copper tubes
« Solution should cover absorber’s bottom
»  Solution pump should not be empty
« Solution color should be Yellow or Clear

2. Refrigerant sight Glass:
» Should not be over or touching the copper tubes
* Check refrigerant level
» Refrigerant Color should be clear




Configuration of Broad Chiller
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P& Diagram(Sensors)

Sensors:

Tl chiled W inlet temp sensor

12 chiled W outiet temp sensor

T2A chiled W calibrafion temp sensor
T3 cooling Winlet femp sensor

T4 cooling W outlet temp sensor

15 generator temp sensor

T6  heat source W outiet temp sensor
17 heatsource Winlet temp sensor
19 ambient temp sensor

T crystalization sensor

T12 control cabinet temp sensor

T13 heating Winlet temp sensor

Bl  chiled W flow switch

B1A chiled W flow switch

B2 cooling W flow switch

B3 chiled W flow switch

GY pressure control

YK1 generator solution level probe
YK2 refrigerant level probe

YK3 nor-condensable probe




Configuration of Broad Chiller

F25-par L% Y42

F15 hedting W heaters

Auto purgadvent system
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P&l Diagram(Control

Conftrol Devices:

INV1 solufion pump inverier

INV3 refticerant pump inverter

1S touchscreen

PLC programmable logic
confroller

Controlled Objects:

RP  refrigerant pump

SP  solufion pump

VP airvent pump

AP  absorption pump

LQFJ cooling tower fan

F22 aufo purge valve

F24 refigerant motor valve

F38 heatsource mofor valve
(exhaust motor valve is
optionall)
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Configuration of Broad Chiller

Temperature
Controller

Level Sensor

12~16 of
Temperature Sensor

Touchscreen

0

Burner
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Configuration of Broad Chiller

Control Panel




2
Configuration of Broad C

1
@

Mbient Towp | 80.0°F
~au[26.0 1572 D el :“ = (] ';;""’
i :“u o IUJ: ining o - —

. ! Tining off (17100
! v [ o RS

Natar distribation systes

Statm'F Setting'F lnl:l:::llu-l !Ull.avl.ul’l:n

G-pump m Hz
R-pump .

Cooling ¥ outlet | 65,0
Cosling ¥ indet| 5.0 84,9 B
145.0 60,8 A]I Al

.0 2884 3% ”?’EO

. inlet =
g w. outlet temp [IEE]
. inlet t G

outlet temp

SRENRE
temp

l,lti.... OFF dilsticn
-

BZY200 XID
BROAD PACKAGED DFA

(A0:68: 00 PERa-08-00
b et Ten0 | 7,

GOOLING & HOT WATER

COOLING & HOT WATER

rergrsarioe  High
Low firs i | 00 MONITOR  Heating water » . Hot water Temp.setting T
Chilled . inlet| @ & _— S ot 0.0) ™ . Ui 4o 581°C Chiled Wooutet |
Chilled B outlet| @, @ e on 00100 = SIZT ekl 650
g - tininw ote [0 Yo HotWoutlet | 60.0
Cooling W. inlet [.a By cort (AR-0B-0 | g;gl:::g wcalev | G CodlingW.inlet | 300
Cooling W, outlet AL [ eficerent Level ¥G solution level 011 | 1805mh » HTG
ot W sutlet| @@ ? ¥ e 0 | Chilled water - mngon 712
. - z Electricity K ut C:i 128 Timing off [17/330
St ~ .
m @8 . ; o wa g bt i sl
Exhaust B. 8 pwerage | 000 Testerdar h T_\—\: \ Energy saving: OK
s o 1] 3 o - Heating W.
Spum | @, @ ¢ | Tining s [ &= Chilled water [ 950% eeais R Rue
B o @ 142C o ) T o
R | E A B e . > Crioting water R Codling W. pump
N ' L B
Cmiliing cmaeity 7] J '\J @] 301T © ] 12 @420 Hz
G | ‘ Instant COP = 22 @F
ot B punp 1 & 143 Hot W. pump.
Ak
Soatine [0 He gy 5 Hourcor =~ @ 2@
contine Hz 395Kz i 155 Cooling tower fan
OM start OFF Dilution Dirining  Prnorgy  (Fsatting ‘\Fnﬁssml\dl‘fi:xx e | 0% oty oo 15 @[50 H2

ON start OFF pitution || (St || Daily CO =
i A— 163 2 500 He

606 &

0 %



