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Welcome to the IDEA Webinar Series

O The webinar will start promptly at 1:00pm ET (Boston time) and is scheduled to last sixty (60) minutes; including
time for questions.

O All lines are muted during this webinar with exception to the panelists.

O If you are having problems with video or audio, please send a note via the Chat Box function on the right side. Click
the Chat box and choose — “Chat privately to Cheryl Jacques (host)”. Or call to IDEA at +1-508-366-9339. .

O Questions to Presenters: Please enter your Questions in the Q&A box at the lower right of the screen. These
questions will be moderated and addressed as time allows. We plan to handle Q&A at the conclusion of the
presentation.

O Survey: Please complete the brief on-line survey following the webinar.

[ Webinar Download or Streaming: Webinar will be recorded and available via download or streaming. Slides will be
made available in pdf format. Please visit www.districtenergy.org.
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Upcoming IDEA Conferences

\%;%\\ DistrictCooling2018

~ IF DECEMBER 9-11, 2018 - ATLANTIS, THE PALM - DUBAI, UAE
L]

CampusEnergy2019 JB\, The Eneroy for More Resilient Cities

February 26 - March 1,2019 | New Orleans, LA | Hilton New Orleans Riverside 110™ ANNUAL CONFERENCE & TRADE SHOW | June 24-27

David L. Lawrence Convention Center and The Westin Convention Center | Pittsburgh, PA
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Speaker and Moderator @2&3&'&%‘3{”

Speaker:

Rajesh Dixit

Director — Global Product Management
Johnson Controls York PA

' Moderator:
Rob Thornton
IDEA President & CEO
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Learning Objectives € 255G

» Understand how an absorption chiller works

= Overview of different types, performance
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Outline
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Fundamentals

How it works, Fluids

Types

Operational Range
Performance

PTX Diagram — Crystallization
Various Cycles

Conclusions
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Conventional Vapor Compression Cycle
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Hot Refrigerant Vapor
\

(Motor):(Compressor) CExpansmn Valve)

Eva orator

CoId Refrigerant Liquid
Cold Refrigerant Vapor

Chllled Water Loop

Compressor

Evaporator

Condenser 35 Psig

115 Psig

Metering Device
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Boiling Point of Water @S

Liquid turns to

vapor
Atmospheric Pressure
0 psig o
14.7 psia 212 ° F
760 mm Hg (abs) o
29.92 in Hg (abs) 100 ° C
8 Johnson ¢))I(
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Water Pressure and Temperature Relationship @S

Sea Level
0 PSIG or 14.7 PSIA or 760 mm Hg (abs) or 29.92 in Hg (abs)
212° F boiling point

Pike’s Peak

14,000 ft above sea level

165° F boiling point

Perfect

-14.7 0 -29.92 0 -760 0
Vacuum
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Water Pressure and Temperature Relationship

With the help of a Vacuum (Purge) Pump , the non-condensable gases(air) are taken out, this reduces the
pressure to 1/100th of atmospheric. At this low pressure (deep vacuum), the boiling point of water drops
to 3.9°C (39°F).
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De-lonized Water as the Refrigerant
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Pressure

(kpa'abs)Atmospheric pressure

No air inside
(water vapor only)

100
Water o
Water boils at 90°C/194°F /
%0 4000 m/13000 ft altitude /

8.6 kPa/65 mm Hg/2.5” Hg

No air inside
(water vapor only)

Water

/ [
4
0.87kPa/6.5 mm Hg/0.25” Hg /
~.. ‘
No air inside I O O /
(water vaporonly) s = 2% | bbb e
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De-lonized Water as the Refrigerant @gﬁg@gﬁggﬂg@%
R_7 18 ASSOCIATION

- Stable

- Non-toxic

- Environmentally Friendly

- Low Cost

- Latent Heat of Vaporization 1000 Btu/lb

- Can be easily absorbed and separated

Johnson ﬂj)l(
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Evaporator

Refrigerant Water (R-718) will boil @ 39° F (3.9° C) in a deep vacuum
6 mm Hg (abs) or 0.23 inches Hg (abs)

spray header

54° F (12° C)
44° F (7° C)

Refrigerant Water

Johnson 4})1(4
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Evaporator and Absorber & DR

Refrigerant Water (R-718) will boil @ 39° F (3.9° C) in a deep vacuum
6 mm Hg (abs) or 0.23 inches Hg (abs)

spray header

Lithium Bromide
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Lithium Bromide as the Absorbent F RS

- LIBr — similar to NaCl (Salt)

- High affinity for water

- Molecular weight 86.856 (Li 8%, Br 92%)
- High boliling point

- Non-toxic (but don’t drink/eat)

- Odorless

- Typically 53% ~ 55% (by weight) solution
- Inhibited with a corrosion inhibitor

- Octyl alcohol added as a surfactant . sohnson Y
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Evaporator and Absorber

Water

The inside pressure goes up as the ambient temperature goes up.

U47kPa
.3.5. .
40% mmHg
LiBr Solution

4.0kPa

mniHg

10.7kPa

80 - .
“mniHg -

In the LiBr solution case, the pressure is lower than that of water.

60%
LiBr Solution

5°C
41°F

40°C
104°F

60°C
140°F
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Notice the difference in vapor pressure between two boxes 0.87 kPa (6.5 mmHg) and 0.69 kPa(5.2 mmHg)
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How it works — Single Effect Type

Cmooling water

Condenser

Generator

Chilled w
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Refrigerant vapor

P Cooling water

Solution

ANIMATION Johnson “j)l('
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../../../../YHAU USA PD Training May 2018 (at JADEC)/YHAU ANIMATIONS (LATEST)/single effect_11_loop.mp4

The Absorption Process
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N
(L) .— LiBr Solution
(57%)

Refrigerant
Water Vapor
From Evaporator

«— LIBr Solution
(54%)

Absorber Tube
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How it works — Double Effect Type

Cooling water +—

Chilled
Water
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Four Basic Components
Chiller Mode
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Cooling (Condenser) Water
Outlet 35°C/95°F to cooling
tower

3

(Driving Heat Source )
Steam 4.5 ~ 145 psig

Hot Water 160°F ~ 375°F
Direct gas/oil fired

\_Exhaust gas fired )

Chilled Water

(Typically Inlet 12.2°C/54°F Evaporator
Outlet 6.7°C/44°F)

Cooling (Condenser) Water
Inlet 29.4°C/85°F

20 Johnson 4})1(4
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Types

1. Single Effect or Double Effect
2. Direct Fired or Indirect Fired (hot water, steam, exhaust gas)

3. Water cooled or air cooled

21 Johnson /})Xl
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Typical Operational Range
 [Setfex looupletten

Chilled Water Outlet °F

Chilled Water Flow Rate

Cooling (Absorber-Condenser) Flow Rate

Cooling (Absorber-Condenser) Inlet °F

Steam Inlet Pressure

Hot Water °F (in case of hot water driven)

Direct Fired Input Energy

22 Johnson Controls, Inc. —

39.2°F ~ 68°F

4°C~ 20°C

1.3~ 2.9 gpm/ton
0.29 ~ 0.65 m3/hr/ton

3.0 ~ 8.0 gpm/ton
0.68 ~ 1.81 m3/hr/ton

68 ~ 98.6°F (20°C ~ 37°C)

4.4~ 43.5 PSIG
0.3 ~ 3 Bar(g)
15,500 Btu/ton
14.8 Ib/hr/ton
6.7 kg/hr/ton

Up to 320°F (160°C)
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39.2 ~ 68°F
4°C~ 20°C

1.3~ 2.9 gpm/ton
0.29 ~ 0.65 m3/hr/ton

2.2~ 6.0 gpm/ton
0.49 ~ 1.36 m3/hr/ton

68 ~ 98.6°F (20°C ~ 37°C)

29 ~ 145 PSIG
0.3 ~ 10 Bar(g)
8,700 Btu/ton
8.5 Ib/hr/ton
3.9 kg/hr/ton

Up to 370°F (180°C)

10,000 Btu/ton )
Johnson ,/j)):('
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COP

1000 Tons, Typical AHRI Conditions

e
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Type of Chiller

Design COP

IPLV (COP)

Electrical
Consumption

Electric Centrifugal
Single Effect Steam
Double Effect Steam
Direct Fired (HHV)

6.5
0.78
1.37
1.2

10.7
0.81
1.56
1.51

kW/Ton
0.542
0.01
0.01
0.01
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Heat Rejection To Cooling Tower

SINGLE EFFECT DOUBLE EFFECT

29 MBH/ton 21 MBH/ton

1 MBH =1,000 Btu

24 Johnson ﬂ})I(,
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Impact of Cooling Water Inlet Temperature @ TR
Typical 1000 Tons Double Effect Steam

ASSOCIATION

Cooling Water Outlet F  95.4 97.4 99.4 101.4 103.4
Cooling Capacity Tons 1000 1000 922 868 739
COP 1.37 1.35 1.35 1.35 1.35
Steam |b/hr 8,514 8,668 7,992 7,524 6,406

Chilled Water 54/44 F, 2.4 gpm/ton

Cooling water 4.0 gpm/ton

Steam 115 PSIG

Chilled/Cooling Water fouling factors 0.0001/0.00025

Values may vary with manufacturer
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Impact of Cooling Water Flow Rate IR
ASSOCIATION
1000 Tons

Cooling Single Effect Double Effect Electric Centrifugal
(Condenser) Water | Absorption Steam Absorption | COP 6.5

Flow Rate COP 0.77 COP 1.37

3.6 gpm/ton 85/100.3 F

3.0 gpm/ton 85/103.4 F 85/98.8 F 85/94.3 F

4.0 gpm/ton 85/95.4 F

Chilled Water 54/44 F, 2.4 gpm/ton
Chilled/Cooling Water fouling factors 0.0001/0.00025

Values may vary with manufacturer

Johnson ﬂ})l(,
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Impact of different tube materials &

S

Copper Copper Copper

Copper CuNi 90:10 CuNi 90:10 93
CuNi 90:10 CuNi 90:10 CuNi 90:10 87
Copper Titanium Titanium 89
SS316 SS316 SS316 82

Values may vary with manufacturer

Johnson /})I('
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Pressure Temperature Concentration (PTX) @f@j{{@jﬁ&
Duhring Diagram

Higher LiBr Concentration

Lines of constant
solution concentration

Refrigerant Vapor Pressure (log scale)
Refrigerant Temperature

Solution Temperature
—

Source: ASHRAE Application Guide Johnson Y

Controls
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PTX Diagram
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PTX Diagram
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ParaFlow.. IsoFlow
Absorption Liquid Chillers

Useful Conversion Formulas
To conven *G {Centigrage) 1 *F (Fanrenheit) or*Flo *C:

e SFra0
o 18

- 4@ “Fe("CedD)x 1840

1 &M (AMOosphers at sea kevel) = 14.696 psia = 0 psig = T60 mmHg = 29,92 in Hg
1 mim Hg = 1000 microns = 03937 ineh Hy = 01934 pai

1inHg = 25.4 mm Hg = 491 psi

1 psi= 20050 Hg = 51.7 mm Hg = 231 ft Hy0

1 MHZ0 = 433 psi

11b= 4536 Kg = 4536 gms

1er = 2641 U5 gal= 1057 US. quans
1US. gaton = 3.785 ers.

1 inch = 25 4 mm

1 ton refiigeration {12,000 Blur) = 352 KW

FORM 155 17-PTX1 (915)
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SINGLE EFFECT @ FULL LOAD &R
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Refrigerant Temperature
ot

Refrigerant Vepor Pressurs (log scale)

Solution Temperature
——

Source: ASHRAE Application Guide P y})):(‘

Controls
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SINGLE EFFECT @ PART LOAD

32

Refrigerant Vapor Pressure (log scale)

Solution Temperature

#

Source: ASHRAE Application Guide
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Refrigerant Temperature
—————

Johnson yj)):('

Controls



NTERNATIONAL

2:

DISTRICT ENERGY
ASSOCIATION

CRYSTALLIZATION

-
aunesedwa) yuesebujey

Solution Temperature
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Absorber

Evaporator

(sjeo% Bo|) minsseig Jodep Jusiebjey

Solution Temperature

———

/

7/
QO

”

Johnson
Controls

Source: ASHRAE Application Guide
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Various Cycles 2
Series Reverse Parallel

ARV |

ABSO @ @ ABSO ABSO

Series Flow Reverse Parallel Flow

Johnson /})I(‘
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Parallel Flow Cycle 2
With 2-Step Evaporator Absorber

ABSO 1

ABSO 2 @

2-Step and Parallel

Johnson 4})1(;
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Select the cycle that offers: e

1. The Lowest Pressure (P)

2. The Lowest Temperature (T)

3. The Lowest Concentration (C)

36 Johnson ¢))I(
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Conclusions

Water as the refrigerant — zero ODP and GWP

Very few moving parts — quiet and vibration free

Select the cycle with the lowest P, T and Salt Concentration %
Variety of applications

Driven by waste heat, low cost natural gas, renewable energy
Negligible electric consumption (reduced electric utility costs)

Fast payback

© N o O A W D PE

Saves energy, water and cuts emissions (Truly Sustainable) ...

Controls
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Thank you for attending

be-chillersolutionsmarketin ICI.COM

http://york.com/absorption-chillers

39 Johnson ¢))I(
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Questions?
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