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Motivation

O Cycling operations of frosting and reverse-cycle defrosting (RCD) is common for air-source heat
pump (ASHP) units in winter operations.

O Significant computational complexities are involved in RCD modeling due to reverse refrigerant
flow and coupled dynamics with frost.
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Motivation

O Absence of a general simulation tool for capturing ASHP dynamics under frosting-defrosting
cycling operations.

Reference Operating Mode Reverse flow Expe_rim_ental
validation
Qiao et al. (2017) Heating Not considered Vapor injection heat pump
Steiner & Riberer (2013)[ defrosting Not considered CO2 heat pump
Han et al. (2022)[3] defrosting Not considered Residential R410Aheat pump
Qiao et al. (2018) defrosting Modeled None

Literature review on system-level frosting/defrosting transient simulation
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Objectives

« Develop a dynamic modeling framework for ASHP under cycling of frosting and
reverse-cycle defrosting.

« Experimentally validate the model at heat pump cycle level.

« Improve model robustness for reversible ASHP systems incorporating frost formation
and melting.
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Reversible Heat Exchanger (HX) Model

Staggered grid for discretization
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HX Model: Metal Structure and Air-side
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1-D Frost Formation
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1-D Frost Melting

Frost melting process progresses through predictable stages (5-stage applied here)!
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Multi-stage Frost Melting Model

Dynamics of frost layer, water film, air gap of i stage:  x = f;(x)

x=[Tr O Twater Owater Tair Oair Pr 1"

Switched dynamics between stages:
Rule 1: IF T, <273.15 K THEN % = f; (%) IF-TH!EN rul_es are _dlscontlnuous and
. numerically inefficient!

Rule 5: IF (T,, > 273.15 K AND 8,4, < 8,y AND 8, < 8. ) THEN % = f5(x)

water min

Developed a robust switching algorithm based on the Fuzzy Modeling approach

- 71 wi f;(x)
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Incorporating Frost Models into HX Model

Goal: run frost formation and melting models simultaneously and switch dynamics
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Finite-volume HX model incorporating frost layer

d 1
% =¢ (; (Pres = Pf)) +(1-¢) (f o meltPr 5f))
Overall frost dynamics:
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Component Models
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-
! - I;==’ Reversing valve
XTXV .
mv m m = PinTIst@
1 Y Compressor
m= CdAV\/Zpin(pin - pout)
EXV 5

6

g ) 7 Accumulator
A

Outdoor coil (

Apran =a0+a1V+a2V2+a3V3
Ap; = APfan Solve for air flow rate dlgtrlbutlon due to

non-uniform frost formation 12
' PURDUE The Ray W. Herrick Laboratories Z V — V ﬁFgJ%%EQgRMANCE
UNIVERSITY BUILDINGS AT PURDUE




Component Models

Assumptions:
1. Ideal phase separation
2.

Accumulator

. d _
Mass conservation: - (V,pg + Vips) = 1un

Energy conservation:

Reversing valvel®l

Check valve model 11 = @A,/ pinAp

m(hin - hout) = Cyp (Tdis - Tsuc)

f

Heat transfer loss coefficient
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Experimental Facility
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Cycling ot Frosting-Defrosting Operations
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Simulation Results: refrigerant pressures
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Simulation Results
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Simulation Results: frost dynamics
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Time Evolution of Non-uniform Frost Formation
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Defrost Efficiency

Heat supply to melt frost and vaporize retained water:
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Conclusions

* Developed a comprehensive dynamic modeling framework for air-source heat
pumps under cycling of frosting and reverse-cycle defrosting.

» Conducted experimental tests of a residential heat pump unit for model
validations.

« The developed model can predict system transients under cycling operations
with satisfactory accuracy and computational speed (RTF 0.49).
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Questions?

Fu nd i ng : :lEJTI:rIJE:QGS AT PURDUE ASH RAE
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Appendix

Fan model implementing a robust formulation for modeling air flow maldistributionl’]

Pat

Non-uniform frost formation """
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Patm

Ap; = APrise
Ap, = Apyrise

Apn = APrise
YV, =V

A large nonlinear algebraic
equation system!
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Appendix

o dm Momentum balance
Denote inertial pressure r _Td_ — Ar
t N~ N * N *
[» Ap = pvAv(H,m) — Apex: (P, 1)
Define steady mass flow pressure p=r+p downstream pressure can be computed explicitly

upstream is known

dry
- —=nr-r
177; 1~ Ta
dm ) A
i Pa — D1

_ -] —L =
r=20 T at ra

A Coil CV, r p
— I:fl:> @ﬁ : %uB:>
4 }3 Coil CVy Aﬁr g Patm

Patm N
~— PN
diiny

—Iy—— =1y —T,
N dt N A

A new fan model
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