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http://erendev.nrel.gov/buildings/tools_directory/software/heatpumpdesignmodel.htm
http://erendev.nrel.gov/buildings/tools_directory/software/heatpumpdesignmodel.htm

Web-Based HPDM

e Fully Accessible Online
from Browser

“Em

e Design and Operating DOF/ORNL
Parametrics Heat Pump
e Online Plots/Tables Design Model

e Exportable Data Sets
— Input & Output

=l

Available Web Versions

Original Mark V
New Mark VI
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http://www.ornl.gov/~wlj/hpdm/
http://www.ornl.gov/~wlj/hpdm/
http://www.ornl.gov/~wlj/hpdm/MarkVI.html

Web-Based HPDM Has Had
Increased Use Over the Last Year

Nearly 15,000 Uses of Web Model in Last Year
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New Mark VI Web Model Features

e Improved HFC Properties and HT Correl’s
e Condenser Circuit Merging Capability

e Improved Airflow Calculation Options
— Fixed flow for manuf. performance tables or
— Mass flow varying with fan inlet conditions

e More Air- and Refrig-Side Surface Choices

— User-specified fin patterns
— Automated comparison of fin types
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Mark VI Model Improvements

e More HFC-Capable

— New Props for HFC Mixtures

e Improved Near-Critical and Transport Props
— HFC-Suitable Two-Phase H.T. Coefficients

e Evaporating and Condensing
— HFC-Suitable Flow Controls

e Cap- and Short- Tube Correlations for R-410A
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Subcooled Enthalpy Corrections Are Needed
For R-410A at Higher Condensing Temperatures

R-410A Subcooled Enthalpy Trends over Range of Condensing Temps

Enthalpy Deviation Becomes Significant Above 120 F
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Cooling COP Comparisons for R-410A
Over a Range of Condensing Temps
With Different Property Representations

Mark VI (DuPont 2000 Extended M-H)
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Mark VI Model Improvements

e Improved Transport Properties

— Updated Correlations for HFC Mixtures
e From Allied (93) to Geller (2000)
e For viscosity, thermal conductivity
e Specific heats calculated from thermo props

— Updated Liquid Viscosity Correlation for R-22
e From ASHRAE (76) to curve fit to RefProp6 (01)
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Improved R-410A Transport Properties
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Improved R-410A Transport Properties
- - Thermal Conductivity - -

Thermal Conductivity of R-410A Sat. Liquid and Vapor
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Improved R-22 Transport Properties
- = Liquid Viscosity - -

Viscosity of R-22 Sat. Liquid and Vapor
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Transport Property Comparisons

e Summary of Changes from Mark V Version
— much lower liquid viscosity values for both R-410A and
R-22
— somewhat higher vapor viscosity values for R-410A
— higher to lower liquid conductivity values for R-410A
— much higher vapor conductivity values for R-410A

e Versus REFPROP 6 for R-410A

— Within 10% agreement on viscosity values
— 10 to 20% lower liquid conductivity values
— up to 55% lower vapor conductivity values
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Mark VI Model Improvements

e HFC-Suitable Two-Phase H.T. Coefs.
— Condensing --Dobson/Chato (1994)

— Evaporating -- Bivens/Yokozeki (1994)
Dryout point set at 0.90, interpolate to vapor values at x=1

— For R-410A, 25% lower condensing and 35% lower
evaporating h.t. coefs than previous R-22 based
correlations
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Mark VI Model Improvements

e HFC-Suitable Flow Control Correlations

— Using Refrigerant-Specific for Best Accuracy

e R-410A Specific Cap-Tube Correlation (Rice 2001)
— refit of Wolf et al (1995) R-410A-Specific Correlation

— used instead of ASHRAE generalized cap-tube
correlation (Wolf et al 1998)

e |latter found to be flawed due to viscosity property
changes (see plot which follows)

e R-410A Short-Tube Orifice Correlation (Payne 1999)
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Capillary Tube Mass Flow Predictions
with Generalized ASHRAE Model
Using Different Transport Property Correlations

ASHRAE Generalized Method
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Cap Tube Mass Flow Predictions
with Revised R-410A Specific Correlation (Rice 2001)

| Wolf et al (1995) Method 2 Formulation for R-410A
Used with Geller (2000) Transport Properties
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New HX Model Features:
Refrigerant-Side

e More HX Configurations

— Circuit Branching
e Merging in Condenser Subcooled Region

— Circuit Arrangement
e 1-to N-Row Crossflow,
e 2-t0-N-Row Condenser CrossCounterflow

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE

18




New HX Model Features: Air-Side

e Improved Airflow Calculation Options
— Fixed flow for manuf. performance tables or
— Mass flow varying with fan inlet conditions

e More Air-Side Surface Choices

— User-specified fin geometry patterns
e default fin geometries built-in

— Extra fin area calculated explicitly
— Automated comparison of fin types

e Samples of New Web Pages Follow
— Additions highlighted
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New

Mark VI Indoor Coil Page

Indoor Unit Data

‘ Inlet Air Conditions

‘Temperature: DB, °F 80 |

Humidity: @ WB, °F 67 | -or- O RH, % 52 |

’Blower Performance

Airflow Rate:

Standard, cfm 1000. |
_| Ref. Fan Temp, °F |

Power: -or- Efficiency:

O Nominal, W 293.0 | O Combined blower & motor 0.30 |
® Per unit flow, W/Mcfim 365 |

’Air Handler and Duct Sizing Parameters

’ _| Filter and Heater Sizes

’ @® External AP, in. water : -or- O Duct branch diameter, in.

‘Heat Exchanger Configuration

Tubes
® Smooth O Rifled
® Cu O Al

Frontal area (finned face area) of coil, ft?

OD (expanded), in. 0.3325 |
Wall, mils 12 | i

Tube spacing, a, in.

Tube spacing, b, in.

Fins
® Al O Cu

Fin Type:
O Smooth O Corrugated

v| Fin Pattern Geometry

O Louvered O Convex-Louvered (O Smooth Wavy liquid

Pitch, fins/in. 13.0 | |FT® o ©
Thickness, mils 10 | o O

#r—»- Number of tubes, n
Number of equivalent, parallel circuits

@ Slit/Lanced two-phase

Number of rows, r

~

1 CREE]|F

Refrigerant Flow Configuration:
® Cross O Cross-Counter O Cross-Parallel

‘Correction Multipliers

‘ Refrigerant-Side:

‘Coil heat transfer 1.0 | ‘ Coil surface area 1.0 | ‘

Coil AP 1.0 |\

’Air-Side: ‘Coil heat transfer 1.0 | ‘ Coil surface area 1.0 | ’

Coil AP 1.0 |’ System AP _1.0 |

l Continue > | Jump >> |Done
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Available Fin Pattern Geometry Selections

Indoor Coil - Fin Surface Configuration

Corrugated:
# of fin patterns/row, Np 2

pattern depth, P & in. 0.0520

Slit/Lanced:
# of slits in an enhanced zone, Sn 7 |

width of strip, Sw, in. 0.0780 |

height of strip, S, , in. 0.0575 |

Louvered:
major louver pitch, Lp, in. 0.0787

major louver height, L, in. 0.0421

Convex-Louvered:
# of fin patterns/row, Np

major pattern depth, P g, in.

Smooth Wavy:
# of fin patterns/row, Np 2

pattern depth, Py, in. 0.0898

I Continue > Jump >> | Done
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Online Fin Geometry Diagrams
Slit-Fin Pattern

Air flow

Fin Plate View
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New Air-Side Surface Capabilities
Indoor Coil

Air-Side Heat Transfer Coefficient vs Face Velocity
Mark VI (Wang) vs Mark V Correlations
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New Air-Side Surface Capabilities
Outdoor Coil

Air-Side Heat Transfer Coefficient vs Face Velocity
Mark VI (Wang) vs Mark V Correlations
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Improved Dry vs Wet Coil Corrections

Air-Side Heat Transfer Multipliers for Wet Coils

1 x 0.866" coil, 12 FPI, 3 Rows|
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Improved Airflow and Fan Power
Calculation Options
e Now Based on Standard Airflow (scfm)

— Rather than on inlet airflow (acfm)
at rating conditions

e Two Options for Specifying Airflow

— Fixed flow for manuf. performance tables
e needs only required scfm (fixes air massflow)

— Mass flow varying with fan inlet conditions

e models cooling- vs heating-mode air massflow
and fan power changes in a fixed application

e needs scfm at reference fan inlet temperature
e mass flows and fan powers can vary up to 10%
for indoor to > 20% for outdoor units
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Compressor Model Improvements

e New Compressor Model Capabilities

— New Motor Curves from Compressor Manuf

e SOA single-phase, including over- and under-
voltages

e give better estimates of motor speed and eff,
volumetric eff.,

— For Nominal-, Under-, and Over-Voltages

e enable prediction of reduced voltage effects at
peak conditions
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Updated Built-In Motor Performance Curves
-- Single-Phase, 2-3/4 Hp Compressor Motor --

Speed/Torque Data for Range of Voltages

Motor Speed vs Load and Voltage
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Updated Built-In Motor Performance Curves
-- Single-Phase, 2-3/4 Hp Compressor Motor --

Efficiency/Torque Data for Range of Voltages

Motor Efficiency vs Load and Voltage
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Further Model Improvement and
Testing -- ASHRAE 1173-TRP

e Objective
— Wide-Range Testing of Public AC Models

e Mild to Extreme Ambients
— Low to High Indoor Humidity

e Low to High Charge
e Low to High Airflow

— For HFC R-22 Alternatives
— With Best Available H.T. and Charge Models

¢ ORNL & Purdue Public Models
— To Be Improved/Tested/Validated

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE

30




Planned Web HPDM Capability in 2003

e Built-in Compressor Manuf. Data

— online access to rated performance, map
coefficients, and hardware info

e Gliding-Refrigerant-Capable Version
— HFC R-407C
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