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Advanced absorption cycles developed in various applications

Application areas

Cycles developed

Objectives and Goals

Heating and cooling Triple effect
(Heat pump)

RA, Hybnd

GAX, Branch GAX

To obtain a higher COP
COoP,=0.8
COP,=1.5 from GAX

Refrigeration

Absorption refrigeration

To obtain a higher

CHR temperature lift
T,: as low as —60°C
Waste heat recovery CAP To utilize a low temperature
Kalina level energy

To use waste heat as low as 70
C




Table 2 Summary of the R & D status for absorption technology in USA
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absorption fluids. :

Lab. Experiments

Company Exp. Results
Goals Status and Comments
(Sources) Cycle and HXs
GRI COPc=0.7 Prototype and 5 yrs Payback for
(Ryan®) COPh=1.5at 47°F Breadboard Residential
COPh=1.1at —10°F jan. 1995 : Began Criteria
Capacity . 3-7.5RT construction of Ist 3 yrs Payback for
Retail price : prototype Commer. Criteria
For 3 RT Jun. 1995 ! First
$ 1,800/RT Prototype started Must have one HVAC
at 50K Units/yr. Nov. 1995 : Prototype
For 5 RT relocated outdoors Manufacturer as Cus
$1,300/RT Dec. 1995 : Low tomer by end of 1996.
ambient testing
DOE COPc=0.75 Phase 1 . ~1996 Hi-Cool Project :
(Fiskum et al.®) COPh=1.6 Cycle Devel. Battelle/Arctek
Component Devel. Energy Concept
Developing Phase II : ~- Phillips Eng.
advanced present R. A. Technology

Rocky Research

(Phillips!'?)

Phillips Cycle

Fluted tubes

Q2 fluid Commercialization Carrier
Carrier 3RT Phillips Cycle : No more R & D) fund
(Merill®) Absorber testing Licensed in Oct. 1993 | for GAX
Target costs . $114
100 1b, 48 in H
Retail price .
$ 550 per RT
Phillips COPc=0.7 COPc=0.7
Engineering COPh=1.5 Funded by DOE
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Company Exp. Results
Goals Status and Comments
(Sources) Cycle and HXs
Columbia Gas COPc=0.75 Trane GAX cycle Start from Robur
(Petty"'®) COPh=1.5 Enhanced surfaces Finished Phase II
Battelle Mini-Sorber Funded by DOE
(B. Hanna'*¥) Fluted Abs. and
Des. testing
Energy Concept COPc=0.75 COPc=0.7, Funded by DOE
(Erickson!'*) COPh=1.5 COPh=1.2 Hi-Cool Project
Retall Price : BGAX Cycle
$ 750/RT Coiled fluted tubes
Arctek Inc. COPc=0.75 COPc=0.71, Funded by GRI
(Hemmelgarn?) COPh=1.5 COPh=1.43 Finished 3 RT
Retail Price : Phillips Cycle Testing
No Comments Enhanced surface Starts 5 RT

Size : ~1,500mm H

Very expensive

ATC
(Absorption
Technology Corp.)

(Marsala'®)

CoOP=0.7

Size

3RT : 787W, 1,015D,
1,065H mm

Dealer Price :

COPc=0.67
Trane GAX Cycle
Perforated fins

Fluted tubes

Field Testing :
Spring in 1997
Production :

Early 1998

3RT : $2,300

5RT : $3,100
Trane Developing No fund for GAX
(Plazac''™) Abvanced Fluid
Robur Chiller COPc=0.62 Was on the market
(Halbig''®) COPc=0.65 Expects to be on the

Retall price :

$ 4,200 3RT

(Single Effect 3 RT
Chiller : $ 3,200)

market again in 1997
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Table 3 Market volumes for absorption systems in US

Applications Residential applications Commercial applications
(3RT average) (5RT average)

Single family or 77,795,000 110,000,000
commercial building stocks
Single family or commercial 40,674,000 44,000,000
stocks with Gas fuel
Replacements market sales 202,593 205,333
New construction market sales 148,980 123,200
Maximum market sales 351,583 328,533
(tons per year)
Maixmum market 117,194 65,707
(units per year)
Total Tons 680,116
Total units 182,901 ]
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Table 4 Summary of Various GAX Heat Pump Cycles Developed

Cycle

Cycle characteristics

Development status

1. Standard GAX

Use hydronic circuit in the GAX
absorber and desorber with a
countercurrent flow

No split in strong solution circuit

Open by
Altenkirch, 1913

2. Trane Cycle
(Mohahl and
Hayes'")

No hydronic circuit in the GAX absorber
(countercurrent flow) and desorber
(cocurrent flow)

Split the strong solution before SCA

Open
Used by Trane,
OSU, DOE, E&W

Battelle, Carrier

3. Phillips Cycle

No hydronic circuit in the GAX absorber

Patented by GRI

(Phillips'*") and desorber with a countercurrent flow
Split the strong solution after SCA
Higher COP than Trane cycle ‘
4. LHX Cycle GAX cycle for ambient temperature lower | Open )
(Garimella et al.*?) |than —4.57C Used by GRI
5. Branched GAX Add another solution pump to the standard | Open
(Herold, et al.®*¥) GAX cycle to improve cycle COP Used by
Energy Concept
6. Semi-GAX Three pressure levels ! internal heat ex-{Open
(Erickson and change between intermediate absorber and | Used by

Tang( 23) )

High desorber

Energy Concept

7. VX Cycle
Resorption Cycle
(Erickson and

Anand®¥

Three pressure levels

Waste heat powered(T,,=71TC)

Open, Used by
Energy Concept
RA Technology

8. Semi-Hydronic
Circuit(Garimella et

a].m))

GAX cycle with partial DX coils

Open, Used by GRI En-

ergy Concept

9. GAX Hybrid
(Suzuki et al'")

Add a mechanical vapor compression proc-

ess between evaporator and absorber

Developing by
TUAT

10. GAX Panel

Modified GAX cycle for panel heating

Developing by
OSU, TUAT




VebdTh 717e] Ato]F B dlg HA42 418
of e FuFHLd # dise) dornz
B o= 1E GAX(standard GAX) A}

N

o]Zo} WalAwt 7ha] vtz E &t Fig
ure 4ol 4] Hi= ule} o] ghuifol-4-0) AL
o2& 4¥E47](Hydronic Cooled Absorber,
HCA), £# 32} &47](Solution Cooled Absorher,
SCA), GAX &47](GAX Absorber, GAXA),

(_

f ______ Condenser
To Outdoor Aicoil _
|
| TE
g
| 1 g
1 | &
1 1
| r
] [
| s -
[
1 g[8
- z
;! (< ]
Loud
| — — Liquid
| — - Vapor
'3 To Condenser
] GFD HCA
« : From Outdoot Aircor
_ 3

Fig4d System diagram of a fundamental

TR SR E 27 4s 81 5E(1998) /61

N A% ] AW (Gas Fired Desorber, GFD),
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Table 5 Fundamental characteristics of each component of the GAX system
Component Condenser Evaporator Rectifier Absorber Desorber
Purpose Condensation |Evaporation | Increase Increase liquid Decrease hquid
of vapor of hquid vapor concentration concentration
concentration
Function Heat rejection | Heat addition | Heat rejection | Heat rejection Heat addition
Pressure High Low High Low High
Vapor High High Intermediate | Low Low
concentration | (x.,>97%) (x> 97%) (94~97%) (65~99.5%) (70~99.5%)
Highest Bulk vapor Interface Bulk vapor Interface Bulk vapor
temperature

Mass transfer

All the vapor

All the hquid

Some vapor

Absorption and

Desorption and

direction condensed evaporated rectified desorption absorption
(x,<z<xX) (x; <2< %) (z<xy (2> xu) (z>x.)

Liquid and Co-current Co-current Counter- Counter-current | Counter-

vapor flows current current
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Table 6 Fundamenta characteristics of the falling film and bubble modes

Heat Transfer
Mode

Falling Film mode

Bubble modes

Configuration

Horizontal Tube Bundles
Vertical tubes

Packed Type
Plate HX

Interfacial Area

Small

Large

Heat Transfer

~Interfacial Area

Smaller than Interfacial Area

Area
Mixing Poor Excellent
Wettability Critical Excellent
Liquid Yes No
Distributor Liquid Management
Vapor No Yes/Orifice
Distributor Vapor Management
Flooding Yes for Counter Yes
No for Cocurrent
Heat and mass transfer Liquid and Liquid and
vapor vapor
Compactness Good Excellent
A Y . = 2 dgge oA =5t YA
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w /o | Sazgel dg 4E ekt e

: : | Q:: AES 9 2 7 Ao digte] HdYsldle

A I L ety T, eEnateln Asgd dselw /A
¥ . s F4718 488 4 A Asad g o
[

Evaporater

(x] ¢ <Zg <Ky ¢}

Y
=2
Fig.6 z-map for the ammonia-water 4
absorption heat pump systems ol 7}
(fluted) 7
F77,

wEINESE

Eo]7]

(plate heat exchanger)%
4885 gich
249 Mgl dUA)

WA o Hom,

i3 A

-

'6"17] [',]'I

F7h oz o gEdh
4 Pz Me d W SEAE s
$18te] Tl @ (tube in tube)*d4],
\ FH(tube in shel) W4 T= W Fudr]a
of 2] 7hA] @ake]
g Ao ME=
s, e
A e Ay
bete wrout ARz 2 Ho] EAvt
=, %hH e A wHe g
Hold dd2 o 1o
Zvie] AdAl) ojgFHu}

e

EREE



ZSEHR SE T 274 5 198(1998) /65

Table 7 Comparisons of absorption mechanisms in LiBr/H.,O and H,O/NH, systems

System LiBr-H,0 H,O-NH;
General Description
COP Single Effect : ~0.7 Single | ~0.5,
Double Effect ; ~1.2 Double : ~0.7

GAX 1 ~07, ~15

Recommended Capacity

Over 20 RT

Smaller than 20 RT

Components

Relatively Simple

Complicated

System Pressure

Vacuum

(0.01~0.1 psia)

Up to 20 bars{GAX)
(60~320psia)

Solution Pump

Safe and Easy

Heart of the system

Crystalization Problem Serious No
Corrosion Problem Minor At high Temp.
Air Cooling Mode Difficult Yes
Heat Pump Very Difficult Yes

Absorber /Desorber Componets

Heat Transfer

Mechanism

Absorber : Falling film,
Bubble(?)
Desorber :
Pool Boiling, Falling Film

Forced Convective

Absorber . Falling Film,
Bubble
Desorber :
Pool Boiling, Falling Film

Forced Convective

Heat and Mass

Transfer Direction

Heat Transfer :
Both Directions
Mass Transfer .

Vapor to Liquid

Heat Transfer :
Both Directions
Mass Transfer :

Both Directions

Controlling Resistance

Mass Transfer in Liquid

Region

Falhng Film

Mass Transfer in Vapor
Bubble

Mass Transfer in Liguid

Heat Transfer in Vapor

Temp. & Conc. Gradient

along the height

Not Important

Strongly required

Binary mixture in Vapor

No Need Rectifier

Need Rectifier
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(Kang %), &8 Aol gmol-2o) §
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Yol AmPIIES R AEEA B QA
BCE 3QlEky] §iste] FEE Al@H 5 (traps-
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o} A= slojof dbr). udgse] v W 7| ¥
gl e ARl o Aol oFAG
(flooding phenomenon)& 38} =% MHA|3l]o}
s, 7S Sgeln ARagel fRE

ol £A2 A9, Segert dasl 2,

QA ‘5”01 Hﬁ_*ﬁfﬂ otzlHr}. Figure 7o
oniLjol-2 F47|of AMEEE B WEES

(twisted insert) 7} EFE= #(fluted tube)
of &t 7hA3t #go] A o2 e} Ut B
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3, 7159 AFe HFA|ZHE(residence time)

F7HA1717] $jske] AHg-= Ut
6. AEN 45

AAE @ RES g H¥EF HES v
2B (minisorber), H#|=H = (breadboard) %
LR EER]] (prototype) & Fate Hdoh
nUaE o]&3t 48e FAEUS] 2
2l d 2 2FAG 5AHS HIAE| Ao F
AHEed, F57), day, 243z g o]z
(aircoil) & A3 F, &F719) tiino] g

Fig.7 Visualization of flow patterns in an
enhanced tube with an twisted insert

Table 8 Enhanced surfaces used in absorption heat pump systems

Enhanced surfaces

Components

Knurled surfaces

Absorber, Desorber, Rectifier

Fluted tubes

Precooler, Absorber, Desorber, Condenser, Evaporator,

Rectifier
Perforated fins Absorber, Desrober, Rectifier
Packed surfaces Rectifier
Louvered fins Aircoils

Offset strip fins

Condenser, Evaporator

Plate heat exchangers with fins

Absorber, Desorber, Condenser, Evaporator
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Table 9 Characteristics of each type of sdution pump in ammonia-water systems

Types Characteristics

Problems and comments

Diaphragm pump Three moving parts :
- Inlet check valve
- outlet check valve

« Teflon diaphragm

Have worked well for over 25 years
Majority of the problems
» O-rings develop leaks

« Check valve act up due to debris

Has O-rings » Diaphragm rupture
Fluctuating mass flow rate Cheap : ~ $ 200 per unit
Gear pump Steady mass flow rate Can be used in GAX system
Price and durability not checked
Screw type Steady mass flow rate Too expensive

$ 2,000 per unit
Wear and friction problems

Not good for commercial




[o)]
oo
~

Aol doh age AFr|FM A E-H
e 71of(gear) W2 HA] AAS 4o
AE FE3ht 7FAT W Aol MY BPEA

ZH7A %2 ot SAHIAAME w)
U B2o) o3 mie] Ko g 4FE FH
3 Feort g7dd. AEHom
Tl Mz tholetzE el A HE Ndsted 3t
e A2k Helja] A o]
(2717F $300 olate]) A28 Haje] 4o
o) FHHr}

ra

ki

og x% @R e 4o [0 2 o R orE
o
ku
i
3

fins
=
u
ok
rir

~J
N
Elig
1>
Ll
rO

& A (corrosion and stability)

WEFE EobollMe AlEe] 4% (COP), A17]
(size) Z18]al M]& (manufacturing and opera-
ting costs) 9] Al 7}FA 283 Q471 Sl=dl, o
Z Ay v Ry ehdigol FyPskA &
AR AFuE GAAT] fEte] iR
845S 47 (carbon steel) 5 A7t A
2 e RE o] v, A Hd mE P
28 AEe Hes AstAlA Bak ofuizgl, A
¢} 7o H]e-3 7} A(noncondensable gas) 7t &
Aso] A FEE AEHAIE HAE 2T

), §24) wkz] A (corrosion inhibitor) 24 A%
A2 oo] E(sodium chromate)7} ¢F 2% o]&}e]
$E2 gEvol-Bo) Mgl 743 del Abg
¥ 51 glt}. Table 109] n]=r Trane 3]Alel] o)
dolxl Qtmuol-F Alxglof] digh FAAF A
7F A2 E o] ¢ith(Hindin and Agrawal®®).
2l el g Ao ARuele Bt

r
i

B9 AR wAEAY HAlskE REEC] Yt
513 dent, Aegxyop(California) Foll M=

T Well dEFxrldA asvele EFEe
A glolEs aveln Ak oldl @l o=
7} A9+ 4 (Gas Research Institute, GRI) ¢}
2} 8- (Department of Energy, DOE)oj A=
TEE GRIIAM ARMolE EFEL il
@ ARAAE AE] sAekel el 7)ol
ATFE HAgsted St L AuEA aF deA
o] E (sodium slicate) ¢} AF A #A o) E (sodium
zincate) 7} @t Uo}-E- o] Alxglo)] F3gh oA

FAAA A Ao} ko, HTo HelH

=
2l (stress corrosion) ol 23 #4€& do = A
7 =3

ol Wrallch oleidt FAHESY F8 fUlos

Table 10 Summary of corrosion/stability testing in ammonia-water systems

325°F 375°F 425°F
Temperatures . . .
(1637C) (190.6C) (218.3C)
Metal Phase NH,~ NH, NH;~ NH,~ NH,~ NH,
H.O H.O H.0 H.O~ H.0 HO
LiBr LiBr LiBr
1,020 Liquid AC AC AC AC PAC PAC
(0N
Vapor AC AC UAC UAC UAC UAC
316 Liquid AC AC AC AC AC PAC
SS
Vapor AC AC PAC PAC UAC UAC
35 Liquid AC AC AC AC AC AC
Titanium
Vapor AC AC AC AC PAC PAC

AC [ Acceptable
UAC : Unacceptable
PAC : Probably Acceptable
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Table 11 Various hydronic fluids and their
freezing concentrations at — 15C
Coolant Symbol | Concentration(%)
Ethylene Glycol EG 30.5
Propylene Glycol PG 33.0
Potassium Carbonate| PC 27.0
Potassium Acetate PAc 23.0
Water H.O N/A
Calcium Chloride CaCl, 18.0
Sodium Chloride Na(l 18.0
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Table 12 Comparisons of hydronic fluids for various temperatures

T 0 Cp 17 k
Coolant Fa Fap ratio
CF) lbm/ft* | Btu/lbmF | lbm/ft-h | Btu/fthF
EG 14 65.900 0.850 4.800 0.240 0.12 3.59 31.113
PG 14 65.100 0.884 14.043 0.229 0.07 4.41 64.813
PC 14 78.769 0.727 6.285 0.328 0.14 4.37 31.854
CaCl, 14 72.970 0.745 10.886 0.306 0.10 4.59 47.728
NaCl 14 71.414 0.815 8.951 0.260 0.10 4.34 45.318
EG 47 65.400 0.871 2.980 0.258 0.15 3.24 21.402
PG 47 64.743 0.890 5.800 0.232 0.10 3.68 35.554
PAc 47 66.800 0.670 6.290 0.269 0.10 3.83 37.380
PC 47 78.849 0.725 7.988 0.320 012 4.59 38.031
H.O 47 62.410 1.001 3.335 0.330 0.17 3.20 18.691
CaCl, 47 72.510 0.758 5.322 0.321 0.14 3.96 28.524
NaCl 47 70.800 0.821 5.564 0.275 0.12 3.92 31.719
PC 68 78.636 0.730 5.443 0.331 0.15 4.24 28.727
EG 95 64.771 0.888 1.446 0.256 0.21 2.79 13.199
PG 95 63.972 0.922 2.060 0.258 0.18 2.96 16.420
PAc 95 66.800 0.670 6.290 0.293 0.11 3.83 35.309
H,O 95 62.050 0.999 1.745 0.360 0.24 2.79 11.460
EG 110 64.530 0.894 1.356 0.280 0.23 2.74 11.885
PG 110 63.640 0.927 1.612 0.262 0.20 2.81 13.775
PAc 110 66.800 0.675 6.290 0.300 0.11 3.83 34.672
HO 110 61.860 0.999 1.486 0.367 0.27 2.70 10.165
Where

T:C=(F-32)/1.8, p: kg/m’=1bm/ft’* 16.0185, ¢, : kJ/kgK=Buu/lbmF * 4.1868,

4 - Ns/m?=DBtu/ft-h%4.13389% 1074, k : W/mK=Btu/fthF * 1.7303
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