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« Cost and novelty are current barriers — R&D needed
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No Gas-fired HPWH on Market
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Vision: New Cost Effective Gas Option
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What is a Sorption Heat Pump?
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¥ OAK RIDGE
8 Semi-open Sorption HPWH National Laboratory



- - T_ Q
Sorption Technologies ITZ 2
T1 Q —>
0
o To —”
o} _
N 3-5 \ 2-5 | \é O(J
o P Q
~ of i S
of I ] OQQO S
I 3 2o 2 I &(’ a Triple effect
oo S - Y H,O/LiBr
'% § . (}}{\ @Qb Double effect ’ ¢
mg 2.5 % 1.5 + é\% é;b H,0/LiBr Double effect -
a O - & P l NH,/H,0
et © - D .Q&C’Q Single effect  E_—_G:
& 2 g 17 A€ H,O/LiBr
h —
E 2 - - <—— GAX NH,/H,0
- 4 , : \
= 1.5 0.5 - 0‘ Various
- Single effect adsorption
1 0 - alhc ef;feCtleol/LiBlr T T I T T T I |NH|3/H2|O I T Cyf:lesl I
35 75 115 155 195 235

Regeneration temperature [°C]

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 %OAK RIDGE
Publishing Ltd., 2013. National Laboratory



Semi-open Sorption Architecture
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Key Component: Semi-open Absorber
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Open Absorption Water Heater
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Main Benefit

Significant cost reduction compared with traditional sorption

Component Traditional closed Semi-open sorption
sorption

Vessel materials Carbon steel Polymer

Solution pump Hermetic, with Nonhermetic with
hydrostatic plus 1-15 constant hydrostatic
kPa variable head head

Vacuum requirements Periodic vacuum None
pumping

Vessel pressure rating Must withstand full Only hydrostatic
vacuum (34 ft) pressure differentials

(~2 ft)
Evaporator Required Not required

K. Gluesenkamp, D. Chugh, O. Abdelaziz, and S. Moghaddam, "Efficiency Analysis of Semi-Open Sorption
Heat Pump Systems," Renewable Energy, 2016. %OAK RIDGE
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Theoretical Efficiency Established
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Efficiency Expected by Theory
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Contours of heating COP for closed and semi-open
cycles at various ambient conditions.

Gluesenkamp, K., Chugh, D., Abdelaziz, O., and Moghaddam, S., "Efficiency Analysis of Semi-Open Sorption Heat Pump

Systems," Renewable Energy (in press).
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Favorable Climates for Semi-open System

« Favorable for residential application in 3 climate zones,
encompassing 54% of US homes
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Research Opportunities

Performance improved by lower air side heat transfer...
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Gluesenkamp, K., Chugh, D., Abdelaziz, O., and "Moghaddam, S.,
Renewable Energy (in press).
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Research Opportunities

.. and higher moisture mass transfer.
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Experimental System Diagram
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Prototype Evaluation
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Prototype Evaluation

1200 1.8
1100 f
_B8 - 1.6
1000 | o
3 e L 1.4
S %00 - 2
8 ” i O
& 800 1 [ 15
700
-1
600 .
O Capacity(W) © COP
500 0.8
500 600 700 800 900

Heat input (W)

Water inlet temperature of 17°C, ambient conditions are 30°C

and 70%RH.
¥ OAK RIDGE

‘. National Laboratory



References

*  Gluesenkamp, K., Chugh, D., Abdelaziz, O., and Moghaddam, S., "Efficiency Analysis
of Semi-Open Sorption Heat Pump Systems," Renewable Energy (in press).

* D. Chugh, K. Gluesenkamp, O. Abdelaziz, and S. Moghaddam, “A hybrid absorption
cycle for water heating, dehumidification, and evaporative cooling.,” in ASME
InterPACKICNMM2015, 2015, p. 9.

*  Gluesenkamp, K. (2012). Development and Analysis of Micro Polygeneration
Systems and Adsorption Chillers. Dissertation University of Maryland.

*  Chugh, D., Nasr Isfahani, R., Gluesenkamp, K., Abdelaziz, O., Moghaddam, S. “A
novel absorption cycle for combined water heating, dehumidification and evaporative
cooling,” International Sorption Heat Pump Conference, March 31 — April 3, 2014,
College Park, MD.

* S. Moghaddam, Thin Film-based Compact Absorption Cooling System, WO Patent
2,013,063,210, 2013.

« S. Moghaddam, D. Chugh, R. Nasr Isfahani, S. Bigham, A. Fazeli, D. Yu, M.
Mortazavi, and O. Abdelaziz, Open Absorption Cycle for Combined Dehumidification,
Water Heating, and Evaporating Cooling, Patent Application W0O/2015/116362,
PCT/US2015/010757.

* S. Moghaddam and D. Chugh, Novel Architecture for Absorption-based Heaters,
Patent Application UF-14697, 2013.

;g,OAK RIDGE

. National Laboratory



Discussion

---/ :

de T

R

o



