
ORNL is managed by UT-Battelle, LLC for the US Department of Energy

Semi-open sorption water heater: 
experimental results and theory of 
operation

Kyle R. Gluesenkamp

ACEEE Hot Water Forum
Nashville, March 13, 2019
Session 7B



22

Acknowledgments

• Department of Energy (Contract DE-EE0006718.00)

• Antonio Bouza, DOE Building Technology Office 

• Saeed Moghaddam and Devesh Chugh, University of 
Florida

DISCLAIMER

This material has been authored by UT-Battelle, LLC under Contract No. DE-AC05-00OR22725 with the U.S. Department of Energy. The United States Government retains and the 

publisher, by accepting the article for publication, acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce 

the published form of this manuscript, or allow others to do so, for United States Government purposes. The Department of Energy will provide public access to these results of federally 

sponsored research in accordance with the DOE Public Access Plan (http://energy.gov/downloads/doe-public-access-plan).`



33

Outline

• What is a sorption heat pump?

– What can system efficiency (UEF) be?

• What is a semi-open sorption heat 
pump?

– Theory of operation  

– What can cycle efficiency (COP) be?

• Experimental results from 
prototype semi-open system

• Prospects for commercialization
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What is a Sorption Heat Pump?

Source: http://www.annex34.org/the-magic-of-thermal-cooling

Source: Kuhn, A. (ed.) Thermally 
driven heat pumps for heating 

and cooling (2013)
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Adapted from: K. Gluesenkamp and R. Radermacher, "Heat Activated Cooling Technologies for 

Small and Micro CHP Applications," in Small and Micro CHP Systems, R. Beith, Ed., ed Cambridge, UK: 
Woodhead Publishing Ltd., 2013.
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operating conditions)

IL-based can have 
higher or lower regen 
temperature than LiBr
(depends on fluid)

Semi-open 
H2O/IL



77

Outline

• What is a sorption heat pump?

– What can system efficiency (UEF) be?

• What is a semi-open sorption heat 
pump?

– Theory of operation  

– What can cycle efficiency (COP) be?

• Experimental results from prototype 
semi-open system



88

Energy Flows in System

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

Want: 𝐸𝐹 = 𝑓 𝜂𝑏, 𝐶𝑂𝑃, 𝜂𝑝ℎ, 𝜆, 𝐸𝐶𝑂𝑃

Where: 𝐸𝐹 ≡
𝑄𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

𝑄𝑔𝑎𝑠+𝑊𝑒𝑙𝑒𝑐

ηb = Qdesorber/Qgas

ηph = Qph/Qgas

λloss = Qdelivered/(QDHW + Qph)

COP = QDHW/Qdesorber

ECOP = QDHW/Welec
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• Exact solution:

• Approximation: ηbCOP/[ηbCOP + ηph] = 1

– Error of <1% under full range of parameters

Writing EF as function of component performance

1
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COP and UEF

1

𝐸𝐹
=
1

𝜆

1

𝜂𝑏𝐶𝑂𝑃 + 𝜂𝑝ℎ
+

1

𝐸𝐶𝑂𝑃

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.

Except where explicitly 
varied along x-axis, 

parameters values are set to: 
ηb = 0.8, 

ηph = 0.15, 
λ = 0.85, 

COP = 1.3, and 
ECOP = 25.
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COP and UEF
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1
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+

1
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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.

λ = 0.85
COP = 1.6 
ECOP = 25

(ADP>Tflue>WDP)
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Expected EF

Hypothetical Example Systems 

Parameter
Realistic 

System 
1

Realistic 
System 2

Theoretical

worst 
System 3 

Theoretical 
best System 4

ηb 0.80 0.82 0.75 0.92

ηgrid 0.3 0.3 0.3 0.3

ηph 0.12 0.14 0 0.06

λ 0.85 0.96 0.78 0.97

COP 1.6 1.6 1.3 2.0

ECOP 25 25 10 40

EF 1.13 1.32 0.69 1.76

PEF 1.02 1.17 0.57 1.59
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Semi-open Sorption Architecture

Traditional (closed) Semi-open 

Key 
component
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Semi-open Absorption Water Heater
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Key Component: Semi-open Absorber
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Prototype Evaluation at ORNL

Absorber assembly
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Prototype Generations

Generation 1: Generation 2: Generation 3:

Under

fabrication
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Theoretical Efficiency Established

𝛼 ≡
ሶ𝑞𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
′′

ሶ𝑞𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
′′ =

1

1 + ൘
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′′

𝑞𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑞𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛

𝑞𝑎𝑖𝑟

ሶ𝑚𝑣𝑎𝑝𝑜𝑟

𝑇𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒

𝑇𝑎𝑖𝑟
∞

𝑇𝐻𝑇𝐹
∞

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.

𝐶𝑂𝑃ℎ𝑡𝑔 = 1 +
𝛼 − 1 𝐿𝑎𝑏𝑠 + 𝐿𝑐𝑜𝑛𝑑

𝐿𝑎𝑏𝑠 + 𝐶𝑝,𝑙𝑖𝑞 1 − 𝜀𝑆𝐻𝑋 ∆𝑇𝐷−𝐴 𝐹𝑅

𝛼 =
1

1 +
𝑈𝐴𝑎𝑖𝑟 𝑇𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 − 𝑇𝑎𝑖𝑟

∞

𝑈𝐴𝑠𝑜𝑙𝑛 𝑇𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 − 𝑇𝐻𝑇𝐹
∞

𝑇𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 =
ሶ𝑞𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
′′ + 𝑈𝑠𝑜𝑙𝑛𝑇𝐻𝑇𝐹

∞ + 𝑈𝑎𝑖𝑟𝑇𝑎𝑖𝑟
∞

𝑈𝑠𝑜𝑙𝑛 + 𝑈𝑎𝑖𝑟

ሶ𝑞𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛
′′ = ℎ𝑚𝐿𝑎𝑏𝑠 𝑃𝑤,𝑎𝑖𝑟 − 𝑃𝑤,𝑠𝑜𝑙𝑛 𝑇𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒, 𝑋𝑠𝑜𝑙𝑛

Only three measured values

(asserted 
definition)
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Efficiency Expected by Theory 

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

Parameter Measured value in 

prototype

hm 4.9 10-2 g1m−2s−1kPa−1

Uair 2.67  0.15 W1m−2K−1

Usoln 28.6  1.7 W1m−2K−1

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

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…

Lower Uair values improve performance at fixed permeability (hm =0.049 g1m-2s-1kPa-1)

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

Higher membrane permeability at fixed Uair = 2.667 W1m-2K-1 leads to better performance

… and higher moisture mass transfer.

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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Ambient air 86.0°F/70% RH: Gen 1*

Ambient air 77.5°F/74% RH: Gen 2

Ambient air 70.3°F/60% RH: Gen 2

Ambient air 67.8°F/49% RH: Gen 2 (UEF)

Experimental Results

• Heating capacity: 700 – 1400 W 

• Typical uncertainties: 6–8% of COP; 3% of capacity

*Gen 1: Chugh, Devesh; Kyle R. Gluesenkamp, Omar A. Abdelaziz, Saeed Moghaddam (2017). “Ionic 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 

Schmid, Viral K. Patel, Saeed Moghaddam (2019). “Experimental evaluation of a semi-open membrane-based absorption heat 

pump system utilizing ionic liquids,” Applied Energy, v. 239, 919-927.

123% heating 

efficiency at 

UEF conditions

Heating water 

from 60°F (15.5°C) 

to 135°F (57°C)
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