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Motivation: Create a Parametric Model for New Product
Development

m Support Building America research U.S. Department of Energy
plan

® Inform product design by optimizing
performance

B Estimate energy savings potential of
new PCM technologies
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Talk Goals

® Show simulation setup steps

® Show what can be determined
= wall temperature profiles

®m heat flow profiles
¥ energy savings
® load time shift

m design load size

® Provide some tips
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Simulation Setup Steps

EnerayPlus

® Create base building construction

m  Specify HVAC equipment, sizing options
m Select climate locations

m Define wall segments to study

®m Specify basic and advanced material properties
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1. Define Simulation Run Parameters

m Consistent simulation run options
Conduction Finite Difference Method (even for non-PCM runs!)

60 timesteps per hour (maximum allowable)

m Select run period
Whole year, month, week, day?
2 minute run time (for one month simulation)

Detailed output creates BIG files
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2. Create Base Building Construction
1,625 ft? single family, 1-story

® Layout based on prototypical
Model Energy Code house

m Getting started

m E+ comes with a bunch of
example buildings

m DOE commercial reference
building models

B Google Sketch Up
®  Open Studio Plugin
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3. Specify HVAC Equipment

® Cooling: DX cooling coil COP=3.0

B Heating: Heat pump COP=2.75

® Fan Ventilation: 0.57 m3/s [1,200 CFM]

® Fan: 60% total efficiency 600 Pa
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5a. Define Exterior Wall Configurations
3 Interior-Facing Configurations:
2 sizes of gypsum board, 1 gypsum board with PCM

gypsum "

gypsum 1”
Cavity: 3.5”

gypsum +PCM 1”

Framing: R-4.4

Assembly: R-11
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5b. Define Interior Partition Wall Configurations
3 matching gypsum board configurations

%" gypsum
1” gypsum
1” gypsum-PCM

Assembly: R-1.8-2.7
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Limitations of Most Building Energy Simulation Tools:
Clear Wall vs. Nominal R-Value

® Simulation requires continuous
material layers

m Typical US homes have a 25% framing
factor

® Single stud wall with R-13 batts can
yield R-11 assembly

B Must adjust insulation layer properties
to achieve desired nominal or
assembly R-Value
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Parallel Paths Method to Find Equivalent R-value for

Framing + Insulation Layer

VINYL SIDING

OUTSIDE AR FILM
6.7 mis (24 km/h) \

RIGID FOAM SHEATHING

MINERAL FIBER
BATT (90 mm)

GYPSUM WALLBOARD X Z WOOD STUD
INSIDE AIR FILM (STILL AIR) (NOMINAL
(A) 50 x 100 mm)
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6. Specify Advanced Material Properties
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Enthalpy Diagram

_
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PCM Heat Capacity o

c.=4.2 kl/kg-K
ki/kg b

250
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¢,= 1.2 kl/kg-K
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50
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7. Define Building Operation Schedules
#1: Simple Setpoint Schedule

OF oc
80 - - 27
cooling
75 - / - 24
70 - - 21
65 - heating - 18
60 16
0 4 8 12 16 20 24
hour
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7. Define Building Operation Schedules
#2: Night Setpoint Schedule

°F cooling °C
80 - hight pre-cooling - 27
A
[ \
75 - - 24
70 - - 21
heating
65 - 18
60 16
0 4 8 12 16 20 24

hour
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8. RUN the Simulations

® Sanity check first

® Debug

®  Simulate batches
Careful with your naming conventions
Careful with file sizing

Careful about simulation runtime

m Process data
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FG
25.08494
25.06327
25.04171
25.02024
24 99887
2497759
2495638
2483525
2451417
24 89316
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24.8513
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24 80962
2478884

247681
2474738
2472671
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24 6484
24 64427
2462371
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24 48037
24.45%96
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24.3988
24 37843
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24.33774
24.31741
2429709
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FH
25.60779
25.58494
25.56222
25.53962
25.51714
25.49477

25.4725
25.45034
25.42827
25.40629

25.3844
25.36259
25.34085
25.31919

25.2976
25.27607
25.25461
25.23321
25.21186
25.19056
25.16932
25.14813
25.12698
25.10588
25.08482

25.0638
25.04283
25.02189
25.00099
24.98012
24.95929
24.93849
2491772
2489698
24.87628

24.8556
2483454
24.81432
2479372
2477315

Fl
26.05926
26.03564
26.01216
25.98EE1
2596558
2584247
2591948

25.8966
25.87383
25.85116

25.82B6
25.80614
25. 78377
25.7614%

25.7393

257172
2569517
25.67323
2565136
25.62956
2560783
2558617
2556458
25.54305
2552158
2550016
2547881
25.45751
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25.39392
2537282
25.35177
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2528889
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2524718
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25.20562

Fl
26.43657854
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26.20273905
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26.1572178
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26.080966847
26.06733681
26.04508325
26.02293525
26.00086038
25.97BBRG22
2595655046
2593511082
25.91334511
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2582658008
25.80555352
25. 78418918
25.76288535
25.74164037
25.72045267
2569932071
25.67824303
25.65721821
25.63624451
25.61532181
25.58444766
25.57362127

FKE

26.7399
26.71599
26.69218
26.66849
26.64452
26.62145
26.59809
26.57484
26.55169
2652865
2650571
2648288
26.46014

264375
26.41456
26.39251
26.37015
26.34788

26.3257
26.30361

26.2816
2625967
26.23782
2621605
26.194356
2617274
26.15119
2612971

26.1083
26.08696
26.06569
2604448
26.02333
26.00225
2598122
2596025
2593954
2591849
25.89769
2587685

FL
269682
26.5445%
2692127
26.897095
26.87473
26.85161
26.82858
26.80566
267828

26N
26.67009
26.64782
26.62563
26.60353
2658152
2655959
2653774
2651598
26.4542%
26.47268
26.45115
26.42969
264083
26.38699
26.36575
26.34457
26.32347
26.30243
26.28145
26.26054
2623969
26.2189
26.19818
26.17751
26.1569
26.13634
26.11585

F I
27.12316
27.10035
27.07762
27.05498
27.03243
27.00996
2698758
2696528
26.84307

26.83323

26.8115
26.78986
26.76829
26.74679
2672538
26.70403
26.68276
26.66156
26.64043
26.61937
2659858
2657746

26.5566
26.53581
26.51509
26.45443
26.47383
26.45329
26.43281
26.4123%
26.39203
26.37173
26.35145

26.3313
26.31117
26.29109

FM
27.20701
27.18517
27.16341
27.14172

27.1201
2709855
2707707
27.05566
27.03432
27.0150
2 1
2 07

96!
2692866
2690773
26.8E686
26.86606
26.84532
26.82465
26.80404
26.78349

26.763

26.74257

267222
2670189
2668164
26.66145
26.64132
26.62124
26.60122
2658125
26.56134
2654148
2652168
26.501583
2648224

26.4626
2644301
2642347
26.40399

O
2722283
27.20219
27.18161
27.16109
27.14062
27.12021
27.09985
27.07955
27.05931

7.05912

2693885
26.91907
26.89923
26.87845
26.85972
26.84004

26.8204
26.80081
2678127
2676178
26.74234
26.72294
26.70359
26.68429
26.66504
26.64583
26.62667
26.60756

265885
26.56948
26.55051
26.53159
2651272
26.49389
2647511
26.45637

FP
27.17439
27.15512

27.1359
27.11672
27.09758
27.07849
27.05943
27.04041
27.02143
27.00248

2692705
2690827
2688953
26.87083
26.85215
26.83351
26.814581
2679633
267778
26.7593
2674083
267224
26.704
2668565
2666733
26.64%05
26.6308
266126
26.55444
2657631
2655823
26.54018
2652218
26.50422
264863
2646842
26.45058

FQ
27.06598
2704823

27.0305
27.0128
2699512
2697746
2695982
269422
269246
26.9070
2 g
2 18
43
2683681
26.8193
26.8018
2678432
2676686
2674842
26.732
26.7146
2669722
26.67986
2666253
26.64523
2662795
26.6107
26.59348
2657629
2655913
26.542
26.5249
26.50784
2645081
26.47382
26.45686
2643994
2642305
2640621
26.3894

FR
26.80234
26.88619
26.87004

26.8539
26.83775

26.8216
26.80544
26.78928
2677311
6. 75693

7A074
b.72454

70E35
26.69214
26.67554
26.65974
26.64354
26.62735
2661116
26.5945%
2657882
2656267
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2653042
26.51452
26.45824
2648218
26.46615
26.45014
26.43416

26.4182
26.40228
26.38658
26.37052
26.35468
26.33888
26.32311
26.30758
2629168
26.27602
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2668851
26.674
26.65845
26.64487
2663025
26.61559
2660089
26.58616
26.57139
26.5566
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26.52692
26.51205
2649717
2648227
26.46737
26.45246
26.43755
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2637797
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26.34825
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26.3186
26.3038
2628903
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26.24487
26.2302
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26.18658
26.17184
26.15733
26.14285
26.1284
26.11399

FT
26.42967
26.41672
26.40368
26.39055
26.37735
26.36406
26.35071
26.33729
26.32383
26.31031
26.29677
26.28319
26.26859
26.25597
26.24235
26.22872
26.21509
26.20146
26.18784
26.17423
26.16064
26.14706

26.1335
26.11996
26.10644
26.09295
26.07949
26.06605
26.05264
26.03926
26.02591
26.01259

25.9993
25.98604
25.97282
25.95963
25.94548
25.93336
25.92027
25.90722

FU
26.13086
26.11922
26.10743
26.09549
26.08344
26.07129
26.05906
26.04678
26.03444
26.02208

26.0097

25.9973

25.9849

259725
2596012
25584774
2593539
25.92306
2591075
25.89846
25.88621
25.87399
25.86179
25.84%63
25.83751
25.82542
25.81336
25.80134
2578935

57774
25.76549
25.75361
2574177
2572997
25.71821
2570648
2569479
25.68313
2567151
2565993

v
25.79645
2578559
2577454
2576337
2575211
25.74079
2572845
2571811
2570677
2569546
2568417
2567292
2566171
25.65054
2563843
2562835
2561733
2560636
25.58543
2558456
2557374
2556296
2555223
2554155
25.53092
2552034

25.5098

25.49%3
2548885
2547845
2546809
2545777
25.4474%
2543725
2542706

254169
2540679
25.39671
25.38668
25.37668

FW
2542906
2541822
2540736
25.39655
25.38581
25.37517
25.36464
2535421

25.34359

25.3337

25.3236
25.31361
25.30372
2529392
2528421
25.27459
2526505
25.25559

25.2462
2523689
2522765
25.21848
2520956
2520031
2519152
25.18239
2517351
2516468
2515581
2514718
25.13851
25.12988
2512129
2511275
2510426

25.0958
25.08759
25.07901
25.07068
25.06238



Results
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Results Summary:

®  Wallresponse m Design loads
®m temperature profiles ®m heating
® heat flow histories m cooling

m PCM decay / recharge time

® Energy for
® heating
®m cooling

m ventilation
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PCM Discharge Chicago
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°C
30 ==mm——— .
20 —PCMwall
----PCM air
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Temperature Profiles 1” Gypsum Schedule 1
Atlanta
June 1-7

50 122

exterior\ |

40 104

““““““““““““““““““

0 0.5 1 1.5 2 2.5 3
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Temperature Profiles 1” Gypsum+PCM Schedule 1

Atlanta
June 1-7
oc F
122
104
86
68
. 50
0 0.5 1 1.5 2 2.5 3
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Indoor Wall Surface Temperature Schedule 1

Atlanta

June 1-7
oc °F
26 |->| A=3h

gypsum
25 77
24 75
AN
gypsum+
23 PCM 73
22 72
Da
21 y | | - 70
0 1 2 3
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Heat Flux Profiles Schedule 1

Atlanta
June 1-7
W/m? Btu/h/ft2
60 19

exterior

40 13

20 interior

0 0

-20 -6
Da

a0 Y | | | -13
0.0 1.0 2.0 3.0
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Heat Flux: Surface to Interior Schedule 1

Atlanta
June 1-7
W/m?2 Btu/h/ft2
10 A= 4 W/m? 3

gypsum
7\ |
0 0
XZZ_ \\7V gypsum-+
PCM

Da
10 Y | | 3

A=3h
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Cooling Energy (June)

Schedule 1

GJ
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5
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3
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1 ® Cooling
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Cooling Energy (June) Schedule 2

PCM is ineffective — a different phase ZZ_‘J—LZ
change temperature must be selected ) .
GJ
6
5
4
3
2
1 ® Cooling
0
N O O Wwo o wmwoownwoownaoown oo
Ol 4/ O 4 4| Ol d4 O d d4 | O| | O |
> > 5> >0 >>05 >>0 >>0c > >'C
to| to| 3 bo| to| J| b bo| J| b B0 S| | B F ) bo| o J

Atlanta | Chicago @ Denver | Houston Phoenix | Miami
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Peak Design Loads

kW
6
5 m 7% peak cooling reduction
4
3 .
= Cooling <1% peak heating reduction
% M Heating
1
0 ®m Applicable for HVAC equipment

gyp0.5 gypl.0 pcm1.0 sizing reductions

Atlanta
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Summary

® Findings:

To improve energy savings, PCM transition temperature for Night Setpoint
Schedule must be changed and re-evaluated

Detailed transient modeling is necessary
B Energy+ is useful for evaluating:
temperature, heat flow histories, energy savings
load time shift & design load size
optimal transition temperature, weight
m Tips:
Simulation files can become LARGE and SLOW — split them up

Be careful with material properties! small changes can mask the effect you are
trying to measure!
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Thank You! Any Questions?

Bryan Urban
burban@fraunhofer.org

Technical Staff

Fraunhofer Center for Sustainable Energy Systems

Cambridge, MA, USA

\

~ Fraunhofer
USA

© Fraunhofer USA


mailto:burban@fraunhofer.org

