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What is a Sorption Heat Pump?

It

Source: http://www.annex34.org/the-magic-of-thermal-cooling
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Sorption Technologies 1= =M a
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Adapted from: K. Gluesenkamp and R. Radermacher, "Heat Activated Cooling Technologies for
OAK RIDGE | suteie recinoLoses Small and Micro CHP Applications," in Small and Micro CHP Systems, R. Beith, Ed., ed Cambridge, UK:
XA R DG S R Erern Woodhead Publishing Lid., 2013.
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Energy Flows in System Want: EF = f(n, COP, 7y, 2, ECOP)

Where: EF — Qdelivered
QgastWelec

Qpn nb = Qdesorber/ans
nph = Qph/ans
Aloss = Qdelivered/(QDHW t Qph)

COP = QDHW/Qdesorber
ECOP = Qpyw/W

Control volume around packaged heat pump water heater system

: Burner/ N — elec
energy desorber
Heat
pump Tank End
(COP, (Moss) | R use
ECOP)
Elec Waiee
grid
(llgrid) —

Gluesenkamp, K. (2016). “Energy Factor Analysis for Gas Heat Pump Water Heaters”, ASHRAE Annual Meeting 2016, June 29, 2016, St. Louis, MO.
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Writing EF as function of component performance

e Exact solution:

1 1 1 . 1 1, COP
EF  2\n,COP +1n,, ECOP\n,COP + nyp,

* Approximation: n,COP/[n,COP + n, ] =1
— Error of <1% under full range of parameters

1 1 1 . 1
EF  A\n,COP +n,, ECOP
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COP and UEF
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Gluesenkamp, Kyle R.; Yang, Zhiyao; Abdelaziz, Omar (2017). "Translating cycle performance to system-level efficiency for sorption heat pumps." 12th IEA Heat Pump Conference 2017, Rotterdam,
Netherlands, May 15-18, 2017.

Gluesenkamp, K. (2016). “Energy Factor Analysis for Gas Heat Pump Water Heaters”, Conference Paper Session 19, ASHRAE Annual Meeting 2016, June 29, 2016, St. Louis, MO.
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COP and UEF

1 _1( 1 L1
EF ~ 2\n,COP +1n,, ECOP
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Gluesenkamp, Kyle R.; Yang, Zhiyao; Abdelaziz, Omar (2017). "Translating cycle performance to system-level efficiency for sorption heat pumps." 12th IEA Heat Pump Conference 2017, Rotterdam,
Netherlands, May 15-18, 2017.

Gluesenkamp, K. (2016). “Energy Factor Analysis for Gas Heat Pump Water Heaters”, Conference Paper Session 19, ASHRAE Annual Meeting 2016, June 29, 2016, St. Louis, MO.
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Expected EF

nothetical Example Systems
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Semi-open Sorption Architecture

Traditional (closed) Semi-open
o, go
Q. % Qq
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Semi-open Absorption Water Heater

Solution
— Qil

Process water

Solution
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Key Component: Semi-open Absorber
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Prototype Evaluation at ORNL
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Prototype Generations

Generation 1: Generation 2: Generation 3:

Under
fabrication
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Theoretical Efficiency Established
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Gluesenkamp, Kyle R., Devesh Chugh, Omar Abdelaziz, and Saeed Moghaddam (2017). "Efficiency Analysis of Semi-Open
Sorption Heat Pump Systems," Renewable Energy 110, 95-104.

Only three measured values

o Il
X Qabsorption abs (Pw,air — Pw,soln{Tinterface: Xsoln})
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Efficiency Expected by Theory

Parameter | Measured value in .
prototype 1.75

4.9 x102g'm=2s~kPa™!
2.67 £0.15 Wim=2K-"
28.6 £ 1.7 Wim=2K™!

Efficiency can be
lower or higher than
conventional closed
absorption cycle,
depending on
ambient temperature

1.5
1.25
o I
= 1
@ I
c
% 0.75 COP,j5seq (infeasible)
Q) I —+—COP,,z¢q (teasible)
0.5 —=—COP;, @ Tdr].-hulh = +40°C
| —o—COP;, @ Tdr].-hulh = +20°C
0.25 ——COP;, @ Tdr].-hulh =0°C
-15 -10 -5 0 5 10 15 20

Tdewpoint OF Tsatevaporator [C]

Contours of heating COP for closed and semi-open
cycles at various ambient conditions.

Gluesenkamp, Kyle R., Devesh Chugh, Omar Abdelaziz, and Saeed Moghaddam (2017). "Efficiency Analysis
of Semi-Open Sorption Heat Pump Systems," Renewable Energy 110, 95-104.
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Research Opportunities

Performance improved by lower air side heat transfer...

>
: pjrynum ;;gc
1.75| Trre = 30° —
| Teong = 60°C

COP | seq (Infeasible)
——COP|,seq (feasible)

0.5 —=+—COP;, @ Uy, = 0.667 W'm2K"

' —o—COPg, @ Uy, = 1.333 Wim2K'"

0.25 ——COP,, @ Uy, = 2.667 Wm2K"
-20 -10 0 10 20

Tdewpoint OF Tsat evaporator ['C]
Lower U, values improve performance at fixed permeability (h,, =0.049 g*m~s1kPa)

%OAK RIDGE | Buons tecoLosies Gluesenkamp, Kyle R., Devesh Chugh, Omar Abdelaziz, and Saeed Moghaddam (2017). "Efficiency Analysis of
National Laboratory | INTEGRATION CENTER Semi-Open Sorption Heat Pump Systems," Renewable Energy 110, 95-104.




Research Opportunities

... and higher moisture mass transfer.

>
L Tarypun = 20°C
1.75 THTF = 30°C e

| Teong = 60°C

COP|gseq (Infeasible)
—+—COP, ;54 (feasible)

0.5 —«—COP,, @ h,, = 0.147 g'm2s 'kPa™"

' —o—COP,, @ h,, = 0.098 g'm?s kPa™

0.25 ——COP,, @ h,, = 0.049 g'm2s kPa""
20 -10 0 10 20

Tdewpoint O Tsatevaporator [CC]
Higher membrane permeability at fixed U, = 2.667 W'm=K leads to better performance

OAK RIDGE | sutton recnotoies Gluesenkamp, Kyle R., Devesh Chugh, Omar Abdelaziz, and Saeed Moghaddam (2017). "Efficiency Analysis of Semi-Open Sorption
%National Laboratory | INTEGRATION CENTER Heat Pump Systems,” Renewable Energy 110, 95-104.
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Experimental Results
16 -8 - Ambient air 86.0°F/70% RH: Gen 1* 160
: 0 :Genl o
- © - Ambient air 77.5°F/74% RH: Gen 2 o155 —°

15 - & - Ambient air 70.3°F/60% RH: Gen 2 © g | JPte

ol - e - Ambient air 67.8°F/49% RH: Gen 2 (UEF) % .-

Q14 ¢ 5 S 145 | JUE

U [cY - \\ 3 @

o i = 140

S13 S SNt =

L e ()

o 12 | 123% heating he | 2WYT : ’

3 Y ceenl 125 | Heating water

311 | efficiency at g “e| S, | from60°F (15.5°C)

UEF conditions E to 135°F (57°C)
1 | | | | ) @ | Q 115 i
55 60 65 70 75 80 8 @110 e
. . T 55 65 75 85
Absorber entering water temperature [°F] :
Absorber entering water
. . (0]
- Heating capacity: 700 — 1400 W temperature [°F]

 Typical uncertainties: 6—8% of COP; 3% of capacity

*Gen 1: Chugh, Devesh; Kyle R. Gluesenkamp, Omar A. Abdelaziz, Saeed Moghaddam (2017). “lonic liquid-based hybrid
absorption cycle for water heating, dehumidification, and cooling”, Applied Energy, 202, 746-754.

Gen 2: Chugh, Devesh, Kyle R. Gluesenkamp, Ahmad Abu-Heiba, Morteza Alipanah, Abdy Fazeli, Richard Rode, Michael
%OAK RIDGE |surone recnvoroces— Schmid, Viral K. Patel, Saeed Moghaddam (2019). “Experimental evaluation of a semi-open membrane-based absorption heat
National Laboratory [NTESTATIONCENTER 5umip system utilizing ionic liquids,” Applied Energy, v. 239, 919-927.
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