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Learning objectives

« Explain the heat pump static optimization problem and method.

« Demonstrate the benefits of static optimization for different optimization
parameters.

« Demonstrate the benefits of heat pump sizing optimization for a specific
example with two-speed and variable-speed compressor heat pump.

ASHRAE is a Registered Provider with The American Institute of Architects Continuing
Education Systems. Credit earned on completion of this program will be reported to
ASHRAE Records for AIA members. Certificates of Completion for non-AlIA members
are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education.
As such, it does not include content that may be deemed or construed to be an approval
or endorsement by the AIA of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product. Questions related to
specific materials, methods, and services will be addressed at the conclusion of this
presentation.
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Motivation

Low-lift cooling technology

Radiant hydronic cooling — reduces transport energy and
increases evaporating temperature

Thermal storage — reduces condensing temperature, peak
loads and daytime loads > 30 — 70 % savings in
Variable speed drive compressor and fans — reduce flow annual energy for cooling*
losses and allow efficient operation at part load

Dedicated outdoor air system — provides ventilation air and
dehumidification

Building thermal model identification — allows accurate Standard performance building
prediction of cooling loads for pre-cooling control oo (ASHRAE 90.1 - 2004)
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Heat pump model

Model flowchart

Assume h;; cand Pogo o as

JAL
Call evaporator model (1)
@ T T I:)comp_out
NO 5
Call compressor model (2) \ 2
\
g .
lig 1 RN
Call condenser model (3) ;
— s hqu_as = hqu and I:)comp_out_as = IDcomp_out?
1] ves
~ Qe
Calculate Coefficient of Performance (COP) COP =

Ecomp + Eevap,fan + Econd,fan

Zakula T., Gayeski N., Armstrong P. and Norford L . 2011. Variable-speed Heat Pump Model
for a Wide Range of Cooling Conditions and Loads. HVAC&R Research 17(5).
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Heat pump static optimization

What are the optimal fan and compressor speeds and condenser subcooling

for minimum power consumption if cooling rate, room temperature and
outside temperature are given?
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Heat pump static optimization

Adaptive grid-search optimization algorithm
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Vz'Vz_step V, VZ+VZ_Step V Vz+Vz_Step Vz+2Vz_step V,+V, step V,+2V, step V,+3V

) z_step
VO Vo_step , f 1 Vo'Vo_step - = ? V0 - ?
I I
V. g—@
0 VO c - ’ V0+Vo_step - = ’
|

I
VO+V0_St€D. 4‘ 4 V°+V°—St9p == ‘\ V0+2V0 ste - .l
‘]min:B {3’2} ‘Jmin:B {3’3} ‘Jmin:B {212}
STEP 4
Vz+Vz_step Vz+2Vz_step Vz+3vz_step
VO
() To evaluate
VotV step QO Known from previous step
@ Minimal power
Vo+2Vo_step

‘Jmin:B {4’4}

ASHRAE Winter Conference, Dallas 2013



Heat pump static optimization

Finding the optimal evaporator (V, ,,) and condenser (V,,,) air flows for

minimum power consumption if cooling rate (Q.), room temperature and
outside temperature are given.
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Heat pump static optimization

Optimization results

Optimal parameters Power consumption

Toutside =30°C

— T, =18°C

T,0ne = 22 °C

: : : : Toone = 26 °C

0 0.5 1 0 0.5 1 — T,ne=30°C
Qe/Qe,max Qe/Qe,max
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Heat pump static optimization

Economizer mode

Economizer mode Economizer vs. compressor running
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Heat pump static optimization

Two-compressor heat pump

Specific power as a function of part-load ratio for single-compressor machine (solid
line) and two-compressor machine with each compressor sized for half Q,,., (dashed

line).
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COP relative difference (%)
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Heat pump static optimization

Difference in COP for

optimal versus zero subcooling case

0 0.5 1
Qe/Qe,max
_ COI:)opt_sub - I:)zero_sub *100
relative _difference — COP

opt_sub

Optimization relevance example

Difference in COP for
optimal versus fixed airflow case
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Heat pump static optimization

Optimization relevance example

Cooling loads for a building
with thermal storage (inherent in mass)*

FLEOH

0.5

T CC) -20 0 Q/Q

o max

Annual energy savings

Optimized versus zero subcooling (S o= Eooiei iS5 o 0.4 %
Optimized Versus non-optimized (Enon-optimized - Eoptimized)/Enon-optimized 49.6 %
Dual versus single compressor i = B Eamiie 11.9%
Variable versus two-speed heat pump (g = S S o 34.5%

* Sensible cooling loads used are the results of the study done by Armstrong et al. (2009) for a typical office building in Chicago.
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Heat pump static optimization

Heat pump sizing example

Building cooling loads* Heat pump optimal sizing for Case A (blue diamond)
Case A: Without a thermal storage and Case B (red diamond)

20
0 0.5
T (C) 200 QQ

max

Case B: With a thermal storage

Total energy savings (%)

1 1.5 2 2.5 3
Oversizing factor

* Sensible cooling loads used are the results of the
study done by Armstrong et al. (2009) for a typical
max office building in Chicago.

T (C) 200 QQ
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Building level implementation

Load forecast
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Thank you

tzakula@mit.edu




