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* PCM melting

* Matrix materials

Water heating represents ~20%
of average household energy
consumption’

>50% of homes in US use
fossil fuel water heaters?

Heat pump water heaters
(HPWHSs) use 60-70% less
energy than electric resistance?®

Small utility closets in
manufactured & multifamily
housing cannot support large
HPWHs

A gap exists in commercially-
available, small-volume
HPWHs that meet performance
needs

Design novel heat exchanger with
phase change materials to increase
capacity of 40-gal heat pump water
heater while meeting manufacturing,
cost, and installation constraints.
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Assess trade-off .
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and water volume
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Generation & HX
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Goal: Narrow down

material scope for

Goal: Define initial data
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Goal: Identify
geometries with highest

optimal performance

on required PCM-HX

performance markers

Macroencapsulated PCM
(capped, back-filled scaffold)
¥

PCM injection

MEPCM-polymer

Microencapsulated PCM

(polymer composite)
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Determine amount of PCM and size of HX required to increase
energy storage capacity of a 40-gal HPWH to that of 50-gal HPWH

Macroencapsulated resin HX

; Microencapsulated composite HX

Thermodynamic Model & Parametric Study

* Tank setpoint temperatures

* Amount of PCM contained in HX
Dependent Variable

Knowns/Constants
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» Material properties « PCM encapsulation method
* 50-gal HPWH energy storage capacity « HX size relative to tank volume

Independent Variables

* Lower: 100% PCM fill (pure PCM)
» Upper: Total weight < 80-gal
HPWH weight

MEPCM Scaffold: 0.1in

Co-maximize water interface surface area (y-axis) and total tank energy
storage capacity (x-axis)
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« Large range of surface area

« Trade-off between high surface
area and print complexity

-
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» Adding PCMs to a water tank can J
sufficiently increase energy
storage

Compare performance of macro
vs. microencapsulated
configurations on small scale:

+ 3D printing adds design flexibility * Pressure drop testing

+ Array of geometry parameters * Thermal cycling tests

meet requirements * Leakage testing

References

“Water Heating,” Energy.gov. Accessed: Apr. 24, 2023.

2‘Residential Energy Consumption Survey (RECS),” U.S. Energy Information Administration, EIA-
457A, Mar. 2023.

3J. B. Butzbaugh, L. J. Sandahl, and M. C. Baechler, “US HPWH Market Transformation: Where
We've Been and Where to Go Next,” Pacific Northwest National Lab. (PNNL), Richland, WA,
PNNL-SA-124638 BT0101000, Jan. 2018.

Acknowledgments

This research was performed under an appointment to the Building Technologies Office (BTO) IBUILD- Graduate
Research Fellowship administered by the Oak Ridge Institute for Science and Education (ORISE) and managed by
Oak Ridge National Laboratory (ORNL) for the U.S. Department of Energy (DOE). ORISE is managed by ORAU
under DOE contract number DESC0014664, and ORNL is managed by UT-Battelle LLC under DOE contract
number DE-AC05-000R22725. This work was authored in part by NREL for the U.S. Department of Energy (DOE),
operated under Contract No. DE-EE0010912. Funding provided by U.S. Department of Energy Office of Energy
Efficiency and Renewable Energy Building Technologies Office.




