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Study on Establishment of Environmental Value of Solar Thermal Utilization for DHW System
Part 1 Accuracy study of simulations using TRNSYS and EESLISM for deeming
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Abstract

Deeming is one of the effective ways to expand the utilization of solar thermal energy and this paper aims to

clarify their accuracy of TRNSYS and EESLISM for deeming in Japan. We compared their simulation results and a

field measurement data throughout three representative periods in winter, summer, and fall. The field measurement

was examined with the modified M1mode load pattern for a four-people household. As the important parameters for

deeming, the solar energy supply and the electricity use for the collector pump were focused. The solar energy

supply calculated by TRNSYS against the measurement were 99.5% in winter, 84.8% in summer, and 99.4% in fall,

as those by EESLISM were 97.5%, 87.4%, and 93.9%, respectively. In a similar way, the electricity use of the pump
simulated by TRNSY'S were 92.4%. 94.5%. 94.2% and those by EESLISM were 91.1%. 110.2%. 105.2%. Because

both programs could have estimated these parameters with less than 15% errors in all three seasons, we concluded

that they are suitable for the deeming tools.
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Fig.1 System overview

Table 1 Measurement points

No. Parameter No. Parameter
1 Total radiation on tilted surface 13 | Tank surface temperature 3
2 Total radiation on horizontal 14 | Tank surface temperature 4
3 Ambient temperature 15 | Tank surface temperature 5
4 | Collector inlet temperature 16 | Tank outlet temperature
5 | Collector outlet temperature 17 | Brine flow rate
6 Tank HX outlet temperature 18 | Main water flow rate
7 | Tank HX inlet temperature 19 | Hot water supply flow rate
8 | Main water temperature 20 | Gas consumption rate
9 | Mixing valve outlet temperature Electrical energy consumption rate
10 | Hot water supply temperature 21| for boiler
11 | Tank surface temperature 1 Electrical energy consumption rate
12 | Tank surface temperature 2 22 | for pump and tank unit

BRI OWBEREL T, EFEEES) 41.9kW ., TEREZNH 95%
DOYEFARN IR i 0 ARA TR BES I TND, IFEHRE N
RERELVLE WAL, TV —a=y b TR DR
IKREFEREEIRA L CREREETT),

HEHEGAMEL T, FH R A ORI, F-fETRINEEE
L7z AEIEM1E—F (4 NAf) Y 6 FARD A /32— 736
HC Ao NVERDINCEZLNT, #/3F—rD— Tz
DOFEEEET, 240, 380, 380, 470, 550, &Y 650 U ML,
(7 WeRfR) L B (12 WERTZ) L KM (18~22 IRftE) D 3 DD
B EE DS S | WAL AR Y — L Th K DTN
bW, HBVEMRO % EIRE 1L 42°CE LTz,

FHHLAE OB A Fig.l & Tablel (2”9, HIESZ 13T
FIVTHIEL QD Fio, TRCOREEB L, 2 BT
HE RS LTV,

Ral—ar O HIRGEER 772012, 2010 4F 12/6~
12/12 ® 7 H A4 HREHIM, 2011 42 7/23~7/28 D 6 H[H
Ze MR FEIRE . 2011 4F 10/29~11/4 > 7 B [EZRK 12 5]
ML TCRIET D, LAHREIMITRATS IR 2.1°C, &
FEANVRIREDY 16.1°C T, —H BHE T H BT H B2
ZH HUBREE R Thotz, EHAESRIL, FARSKURE
28169 C. HEAMVSIREN 33.2°C T, Hi& H o HE RS
Koo T, FRIEIIRIL, BARAVRIREEN 7.5°C. i
IVFUREEN 23.4°CT, —H HEEH HAHEZDTH SRS
D7 S H BITERTHREDNIER 1D,

2014 4F



LR REHF R D > A
BIFE M1 E—F

51

T LI B L KO BREMEL TP 3 5 F5E
4 NEFFIZR 5 TRNSYS & EESLISM O 510 Mk

3. YIal—3arDBELFHMEE
3.1 EEEH

TRNSYS & EESLISM Ogahl 2 4558 35 515 4% Table2
(kLD D, EEWATHL T L 7 a—)L 50% KRR
IR RVMEE T 508, v al—ra BT
X 40°CICR D%, —EEELCTBRALR, fMKIEEIL, &
RFEWIE DO IR I T DB EE | KREHIRIZB W T—
EDLDELTEZ T, #BIREIL, ERICBW TR R T
BEEEDIOBER DN T2 FRNTBIT D L EE—E
EChH X 7=, MG, FREFRIEE M1 £—F@ A
B OIMEAT Y 2— Vi | RHEOEEL Th 272, #HE
O REEIL 5 J8 T, B A V3R FBIThrfEL T
WHELTz, BEVR 7 OB IR L BRI IS 7TIW (5
BN DR 7B E RO LR E ) BMEERShDEL,
BAMEEED 75%NPEEE L TR AZINET 5b0LL
7o 7235, MBhW AR S ORI E I NTET MbDT=d D+4378
T PGFLIIRINST2 T80 | FHRE T VIR, HHR
B DY AT KR CIEFERIEE A V=,

TRNSYS (2515 D514 Tlk TRNSYS17 DIEHET A7V
JNZ. TESS library? % L7, S£EGRICIT, AR BEE RO
FEE PR AE R T L (Type539) &, &k 5 L CH
W, TTAH N —DE A A A KRR AR Cho
Tolodh  AEUER I MERE A A T D L RE LT, LB 1T, FEE
WAEEELE €T L (Type3 ) & v iz, #HE TR ORE
DAL T RN THKUCRB SN TODERE L2, SR,
ST A L NS BV (Tye534) & Tz, ZogE!
BET N TIE, WA VITEEO Nu$i e Ra #0052 L N4t
RHOPMRERERET D20, AT —LLL TR L2 v
DB IR A 5% 7=, TRNSYS ClE it Re b Mka i
BICRETEDN, Z2TIE 0.1 BEfe Lz,

EESLISM (23R DML AT AER R E, 888 N
BTGBV | RAT | EERLE | ROIBRLE THY
VAT LRI TR ERIR LA GG D 2 D ThD, ZIHT A
T DRERHS AR D FEART L, B AN K OGS R
WRE R FHRIC KD BN, FH R X 5E IR B FIET v
2% IR7E 2 O TR AN TND 10 F | RATIE,
TR DORAZ @i B, A DR, 3% E H N BE)
AT RO LEMEAREOBERZ B R EL TD 9,
LR ISR T N ISR SN D & T AT I Rl
FRZOWTOBRIR T A0S A0, HIHREZ R L+ 5
SEHEREREE, MK LIED, VAT AR IR A IR O
R TE, D%, FEECH AR E VR
A4S 61V, EESLISM Tl BV L L TR E
SN TNWDDOT, BARBIRENELLRDINTEMKEE T &
ZIIET DL THRIG LT, AT AT N—DEE H 5 ASH A K
TEFRFME 09 121 3mm EIIRH T ADRHEDRE S TS,
HEE NS A T AR e B B REAR T 0
DLT, BHIA5hF% 0.3 L L7, EESLISM &1 ][]
FRld 1 23 ~1 BRI A BRI CE D3, 22Tl 1 RE &LT-,

Vol40. No.4

_63_

—_

T08 = = Second -order

- \ e First-order

5 0.6

S 04

: —~

302

S o : , : : ‘
0 0.02 0.04 0.06 0.08 0.1

AW/ [(m2K)/W]

Fig.2 Collector efficiency curve (JIS A 4112)

Table 2 Simulation conditions and parameters

Period Winter Summer Fall
Date 6-12 Dec. 23-28 Jul. 290ct.-4Nov.
2010 2011 2011
Weather dat Field measurement data
cather data with radiation modification (1hour interval)
Main water
{emperature 12.4 degC 24.8 degC 17.2 degC
Hot water
{emperature 37.6 degC 38.4 degC 37.8 degC

Modified M1 mode (4 people)
Slope : 30deg
Azimuth : South
Total surface area : 4.02 m’ (number of collectors : 2)
Flat plate collectors | Media : Aqueous propylene glycol solutions (50%)
Specific heat 3.6kJ/kgK, Density 1041kg/m’

Efficiency =, 0.776—5.638A%

Hot water flowrate

Volume : 0.2 m’

Top heat loss coefficient : 1.68W/K
Side heat loss coefficient : 0.28W/K
Bottom heat loss coefficient : 0.28W/K

Hot water tank

Auxiliary heat Gas boiler with latent heat recovery system
source Nominal capacity : 41,900W

Efficiency 82.0% 83.9% 83.2%

Rated flowrate : 312.3 kg/h
Pump Rated power : 71W
Moter heat loss fraction : 75%

Length : 12.5mx2

Pipes Heat loss coefficient : 0.2W/mK
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Fig.20 Electricity for pump (2010/12/6 6:00-18:00)
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~ji\ KBGEFI & (Fig.22, Fig31) B\ Cid, AREERS

TEIX TRNSYS THEHID 74.4~97.5% (115 84.8%) . EESLISM
T 76.5~96.1% (V¥ 87.4%) & AR OERED ZIZ KL
TR LR EDZEN DT WK NS, SRV e e
(Fig.26) . il a0 8 (Fig.27) DIREHEB 2 DL | i b
BRI R L ATR OEB RO ENBE(LL TRY, &<I2 724 &
7/25 O], DEVIERE D 5 ST HIRFRIHT T O ZED RS
TED,

FHBHEMR DA T AT AT EHERS (Fig.23, Fig.32) 1%, FEMIfE
(ZxFLC, TRNSYS CT-#J 133.6%, EESLISM CTF-#J 129.1%
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Table 3 Collector thermal gain and Solar energy supply from Tank

Collector thermal Solar energy supply
gain [kl/day] from tank [kJ/day]
Measured | TRNSYS | EESLISM | Measured | TRNSYS | EESLISM
2010 26407 25738 24942 20702 20591 20181
winter (97.5%) | (94.5%) (99.5%) | (97.5%)
2011 24897 20229 19864 18978 16096 16582
summer (81.3%) | (79.8%) (84.8%) | (87.4%)
2011 30295 29398 27730 23125 22982 21706
fall (97.0%) | (91.5%) (99.4%) | (93.9%)
Table 4 Primary energy use and SCOP
Primary energy use scop
[kJ/day] [-]
Measured | TRNSYS | EESLISM | Measured | TRNSYS | EESLISM
2010 38155 38401 40129
winter (100.6%) | (105.2%) 1.23 1.24 118
2011 14519 16955 17572
summer (116.8%) | (121.0%) 1.82 1.36 130
2011 22076 21901 24436
fall (99.2%) | (110.7%) 168 169 152
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