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Abstract: The energy consumption of electric water
heater in China has a large proportion of total energy
consumption. Therefore, it is of great significance to

optimize the energy consumption process of electric

. -
water heater. The phase change materials (PCM) have SN
the characteristics of high energy storage density and o] : )
) ; Model Velocity vector
approximately constant temperature in the process of
phase transition. In addition, the thermal conductivity : .
J x--w ‘m/ ,
. . Fi. Gy Y/
of phase change materials can be enhanced by adding /" LT 4 \
/ & |
nanometer materials such as graphite. Therefore, it L _65| Q‘"‘\,%’;T—ﬂ
has obvious advantages in heat energy storage and ¢ g - N
. . "'-.-ﬁgf_:ﬁ_-:z‘:} »'3’57';—7:7'?‘533;’355'
utilization of phase change materials. So, the phase -——ﬁ_——;—ﬁ‘ﬁg{_—gg

change energy storage technology can be applied to Temperature distributions
electric water heater to adjust the energy storage

process and the goal of "peak shifting" also can be

achieved. In this work, the energy storage characteristic of energy storage water heater with phase change material
were researched employing numerical simulation method. Four different structural models were established and the
influent of inlet and outlet piping construction, electric heating tube arrangement, insulation structure on flow and
heat transfer characteristics of water in water heater were discussed. And the influence of energy storage layer
thickness on energy storage of electric water heater were researched. The results showed that, compared with the
vertical heating tube, the water temperature distribution of horizontal heating tube was more uniform during heating
process, and the heating efficiency was improved by about 2.2%. When the inlet tube diameter increased to 1.5
times, the output status of hot water can be excellent improved, and the hot water output efficiency can be increased
17.9%. The addition of phase change materials can increase the water temperature by 10.6% under the condition of
same heat preservation time (36 h). The results of this study can provide data support for structural optimization of
electric water heater and application of phase change energy storage technology.

Key words: electric water heater; phase-change thermal energy storage technology; numerical simulation; peak load

shifting

Ug#E: 2020-06-28, f&M[E]: 2020-08-21, MKZEZFR: 2020-09-21; Received: 2020-06—28, Revised: 2020-08-21, Published online: 2020-09-21

EEWB: 2B BRRHESTH @i : 1508085QE95): H K AARFEEETH (H5: 51306002)

TEBE N RW(1994-), &, ZEEZKRTN, WLFRE, s, %A, BR&EIHTREE ), E-mail: 1280350428@qq.com; S3FF], @ HRER
A E-mail: lujinli@sina.cn.

SRR RN, A, G, 5. ROKES A A A0 R it R R A 7T . I R AR 24, 2021, 21(7): 786-793.
Wu L, He J, Lu J L, et al. Research on internal structure optimization and energy storage characteristics of electric water heater (in Chinese).
Chin. J. Process Eng., 2021, 21(7): 786-793, DOI: 10.12034/j.issn.1009-606X.220206.




57 W RO HHUKES A EE DAL S fil BERF I IT 787

el 7k 38 PO RREE A UL 1L B B A ME T 5

o —1 1 N 1* 1 . 'z 2
2w, A, E#H, HLF, x F

LB R S TR b, 2B H¥al 243032
2. M IR A R S MR A IR A, 2B FEil 241002

O RONRMEREEOR N T R AR, IFIE IR SR G KO AR AR AR S BRI, 0 HL A RE RE AT IS, AR
] “RUEIALS” FIVER . BRSL T VUM R G ) FE K 4RI, B0l T BRI EE  S R E AR . BEE T
BEH PR SR RINAVE AT BT, ORIRZ G5 85 R FON AR 38 A B2 B AR AVRRYERISE I, BT 1 A R RE 2 B O F

IKERAEREMISEM . S5 REBH, /KTINAE SEEMBEMLL, PGSR INAECRIE S T 2.2%; SKEEFEE K156, #uk
BRI T 17.9%;  JOFRAR A RE AT 7R AR R SR IR (8] P9 (36 h)y (/K IR K32 51 10.6% .

g AU AAEFRMEREOR: SRl Bis

HESES: TB34 XEEFRIRAED . A

2018 452 [E @ 30T RE AR T R A AU i R T,
PUSAT REFE 7 4 B S BEFERYT 20%" . Fodb, LRk 2% RE
FE 7 20%~40% , 4 FE HL 8 TA 400~600 12 kW h™, [A L,
DAY HL K 25 A 285 4], R FH A 2 it e AR, 1 FL AR
KA B i BE ok A2 L AT DLIK 30 “ Al 12 AR L 2R
T REFEFE R L.

AR, B 4 b2 3 7R HROK S8 i Re RE I 5 T e T
WEIE , £ ORISR FE 3 AT 7 T 193] TR 2R X 2
(] (1A PR AL, B B 3 S At 3 5 0 SR A 1 X3 s 43
IR 5= T ) B e S I =3 A D PR PR e 28 1)
RALTT T, W18 T HE K L K 454 RS S #oK i
2 KA IR A s H AT £l BR BRI AL
TR AR A AR )98 B 85 e nT A R my BE VR M 26
B 1A LR A2 A B B I 5 KR & T B
T TR Ty R AR FH T G /N R T e A P B R A B
Fo Ma 5 A A A A S0 A AE P RL 73 B K
TV R v #5238 L L BRI ' P B 1 BV, 3 5 T K B
A BRI USRS i R RE T Tk BT 9T T
HH AR Al e 3 2 i VR AE A K PH R SR 30V A R # ) P
IR A ARl i 3 I VR T DA SR AL R AR . B kR
EEU0F A0 /)N [5RE PA) AR 3 T R 0 Y7 Y 3 A X A% AR
PEREFLR B, T A AR A AR I 2, AR AR T 3 &
TS KAE L s A T AR REE T . ARAS EREEMR B H A
(RVBIF 9 KT Bl S8 AH AR A BE A RE . BIK BH BE HoK 88 5
PR IFOKB IR FT , B 2 KA i 4E v & e 5o L
fits #& B o0 1 A FRUT {H A AE 64 Rl (Phase Change

XEHS: 1009-606X(2021)07-0786-08

Material, PCM)Z $UR F A il , HL GG R BHIG, vl o i
DR AR 4 A 22020 Cu g BRI S HR T B g &
ERIIFE,

A TAE L IR SR B FON B, i o it K
gk rmPE A BT X IRIRE S 5T AT T
oK A NI FE RS 70 A oK 28 ORI AR N
FHAZ & fe Y F R K 25 00 8 FH $R R S

2 HEHA

2.1 PpIBtERy

DUt 50 L i HAROK BN 70 5, FLfdifb f5 1L
AT BE Y K 3 G5 A Gn P 1 B s s 3 B A Dy Y AIE L g K
B VK E RN . N IEK E L=590 mm, FL{% D=340
mm, JIHE K JE L,=140 mm, %5 & W,=40 mm, if | H 7K
B E LAL 43908 30 F1320 mm, L4240 15 mm, (8]
i 5=100 mm.

HL T A I R 1R A B R s L oA AR OK R EE A
A7, 33k T 5 e FC I A8 Tk K B O T K
A2, AT S e B K 28 B oK R BE o T Bk A,
Wit T DR oK ZREE T 5, IR 1 AR .

BT KA RN 1 S 4E AL T & PCM
PRI 25 L ROK SR IZ AT HERE I RE A . B 2 A% PCM
1 R K AR B
2.2 R

R L AUKER =N AT B ARG R L
A AR OR TR I A, 32 258 5 LB AT I 1) At 3 5 Hons
WA MH ORI ATI, PIE A KR T R R 2%



788 oo TR R $21 %
| L I 0’ (T< Ts)
X T-T
o a= TI_TSS, (T,<T<T)) (D
1, (T>T))
o|3 S, TR T, 40 00 9 mAde A2 4 O B AN 52 A I AL IR FE(°C) o
Z| BEAN A9 T LR 3o B, 47 o (R T AT T
g Cc— | .
I BRI
! e RSy )
_>| L u= ((X2+8) mushu ( )
B KR R Hedt iR
Fig.1 Schematic diagram of internal structure of electric s =Fr 6(2H ) (3)
"¢ t

water heater

®1 TRIEHRRKE

Table 1 Different structure electric water heaters

Case Structure
1 Vertical heating tube+normal inlet pipe diameter
2 Horizontal heating tube+normal inlet pipe diameter
3 Vertical heating tube+1.5 times diameter of the inlet pipe
4 Horizontal heating tube+1.5 times diameter of the inlet pipe

Polyurethane PCM

/

K2 & PCM W HLHOKE ORI Z R B
Fig.2 Schematic diagram of insulation layer of electric
water heater with PCM
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Table 2 Physical properties of thermal insulation materials

Specific heat/ Heat conductivity

Material Phase change temperature/'C  Latent heat/(kJ/kg) [V/(kgK)] cocfficient/[W/(m+K)] Density/(kg/m®)
Polyurethane - 1380 0.024 40
Paraffine 51~57 170 2100 0.25 760
Paraffine+10wt% Graphite!"®! 48~50 158.5 2235 0.94 877.5
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Fig.3 The effect of different heating powers on heating
time
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Table 3 The hot water output rate under different schemes

Parameter Case 1 Case 2 Case 3 Case 4
Maximum temperature/ C 68.72 68.56 68.86 68.28
Minimum temperature/ ‘C 48.02 47.99 48.47 48.45

Time/s 370 390 430 460
Water quality/kg 30.25 31.89 35.16 37.62
Water temperature/'C 63.53 63.49 63.82 63.50

Shutdown temperature/ C 63.27 63.35 63.27 63.35
Hot water output rate/% 62.00 65.20 72.48 76.90

1.0~ —o— Paraffin
| —— Paraffin+10wt% graphite
0.8

0.6
0.4

0.2

0 10 20 30 40 50 60 70 80 90
Time/min
B9 AFEARAE ARG L RE VR 242 1 25
Fig.9 Variation curve of liquid phase ratio during melting
of different phase change materials
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4 @

KM HAE AR TTE S 1 AN A SR N 24 A0
EACE T AR % P L P A S oK A R (K5
FE IR T, WF 7T T A SRR L HAK 25 i BE AN
LU A3 B0 T 2518 -



792 SUR R

Eind #0213

(1) 5 B B MR HLI, AT I #GE in #had 72 20K
2 KL AT B I AT TR KR ZE B /N, AR 3
F+#12.2%.

(2) 1& M KK E E R EA R T HOKHEH , [F
A8 FH ZKCST I AE RO 3R /K A, i B KRR FE AR Ak FELHK
A oK H O, oK HR FE R S T 30.75% , #AOK
HESEH 17 17.9%.

(3) MARU JZ P ORREAS AR, AH AR MR} RE 2 AT
D3 UK B BRI KR, M PRIR I R RESE 36 h
B, JEEBE 10, 15 52 20 mm B9 AH AR £ B8 J2 43 PR 7K IR 3 v
7 6.9%, 8.6% H110.6%.

S 3CH

(1] WEEREEFCTRO IO . b BT e A R FU ik i
[M]. b o s ol s A, 2018: 7-9.
Building Energy Conservation Research Center of Tsinghua
University. 2018 Annual
efficiency [M]. Beijing: China Aechitecture & Building Press,
2018: 7-9.

[2] A4, RSB, B, 55 AR EE AT A S RERE I L ID
34T [3]. WP @A, 2012, 38(26): 213-214.
Niu J D, Zhou Z K, Yang X L, et al. Theoretical analysis of
operation mode and energy consumption of electric water heaters
[J]. Shanxi Architecture, 2012, 38(26): 213-214.

[3]  EMe, R, IV, S5 A ERRITALIT 5O KB B8 # HOK A
IR N (7). fERER S HOR, 2019, 8(5): 897-903.
Wang Y, Song R F, Hu Y, et al. Effect of obstacles with different
opening means on thermal stratification in hot water storage tanks
[J]. Energy Storage Science and Technology, 2019, 8(5): 897-903.

[4] Shao S, Shi W, Li X, et al. A new inverter heat pump operated all

report on China building energy

year round with domestic hot water [J]. Energy Conversion and
Management, 2004, 45(13/14): 2255-2268.

[5] Kim M, Kim M S, Chung J D. Transient thermal behavior of a
water heater system driven by a heat pump [J]. International
Journal of Refrigeration, 2004, 27(4): 415-421.

[6] De Césaro Oliveski R, Krenzinger A, Vielmo H A. Comparison
between models for the simulation of hot water storage tanks [J].
Solar Energy, 2003, 75(2): 121-134.

[71  Z=IRL, B, )1 . B A8 RYOR B A K d A% AR R R BB 70 A7
[I]. KPBHAEZEAR, 2017, 38(5): 1247-1253.

Li T, Tao H Z, Jiang C. Numerical analysis on heat transfer
characteristic of evacuated tube solar water heater [J]. Acta
Energiae Solaris Sinica, 2017, 38(5): 1247-1253.

[8]  EXEH, X6 . KB RE KRR 8 HROK AR IR L 70 22087 (7], &
FAGEIBE R/, 2010, 29(1): 16-19.

Wang D J, Liu Y F. Temperature stratification analysis of solar hot
water heating storage tank [J]. Building Energy & Environment,
2010, 29(1): 16-19.

[9]  BEEAR, ZOGIE, VAL, &5 . 2 Ml A 200 B SR 46 o i
JEBUERTTE (). P RO AR, 2001, (5): 51-53.
Huang J C, Li G Z, Jiang L X, et al. Numerical study on the flow
transition in laminar natural convection flow in a square cavity [J].
Journal of Huazhong University of Science and Technology, 2001,
(5): 51-53.

[10] &HERI, B B2, SEAETT, &5 . A0/ METE e A8 A AR U 2 &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

T X U A # DPM BT[], i AR L RE A 4, 2018, 18(5):
951-956.

LulJL,LiY]J, Han Y F, et al. Simulation on convective heat
transfer of MPCMS in minichannel heat exchanger based on DPM
model [J]. The Chinese Journal of Process Engineering, 2018, 18
(5): 951-956.

Ma X C, Liu Y J, Liu H, et al. Fabrication of novel slurry
containing graphene oxide—modified microencapsulated phase
change material for direct absorption solar collector [J]. Solar
Energy Materials and Solar Cells, 2018, 188: 73—80.

TR, BN, S, A5 R SORBH BE AR AVE A AR R 2 &
BRI TEEBE 0T (0], ST RE L RE AR, 2020, 20(3): 276-284.
Zhang Y, Tian L T, Yue X P, et al. Thermal mechanical
characteristics analysis of trough solar collector with
microencapsulated phase change suspensions [J]. The Chinese
Journal of Process Engineering, 2020, 20(3): 276—284.

EHER], SRR, BT, & . 4/ A Micro—PCMS Z 4
AL BRE 1 1) CFD-DPM AL (7], i F2 AR 244, 2015, 15(5):
758-763.

Lu J L, Zhang W L, Han Y F, et al. CDF-DPM simulation on
characteristics of turbulent flow and heat transfer for micro—
PCMS in mini—pipe [J]. The Chinese Journal of Process
Engineering, 2015, 15(5): 758-763.

ARASER, Ak, 2RI, 55 ROKAE AR G MR BT 50 32 e
[ AL THEE, 2017, 36(1): 268-273.

Zhou D Q, Zhan J, Li L Y, et al. Research progress of phase
change thermal energy storage materials in water heater [J].
Chemical 2017, 36(1):
268-273.

Alexios P, Sarvenaz S, Vladimir P, et al. Evacuated tube solar

Industry and Engineering Progress,

collectors integrated with phase change materials [J]. Solar
Energy, 2016, 129: 10-19.

Migqdam T C, Kazem H A. Water solar distiller productivity
enhancement using concentrating solar water heater and phase
change material (PCM) [J]. Case Studies in Thermal Engineering,
2015, 5: 151-159.

Wang W, He S, Guo S, et al. A combined experimental and
simulation study on charging process of erythritol-HTO direct—
blending based energy storage system [J]. Energy Conversion and
Management, 2014, 83: 306-313.

Summers E K, Antar M A, John H L V, et al. Design and
optimization of an air heating solar collector with integrated phase
change material energy storage for use in humidification—
dehumidification desalination [J]. Solar Energy, 2012, 86: 3417—
3429.

ARYTAT, #6006, R 5, 55 RGEIRIK A FARAZ & SObDRH T
REWFIT [J]. RFAREZAHR, 2011, 32(5): 674-678.

Wu J H, Yang Z G, Wu Q H, et al. Experimental study on phase—
change performance of thermal storage materials in heat pump
water heater [J]. Acta Energiae Solaris Sinica, 2011, 32(5):
674-678.

JRE, WRte, SRR, A AR B AU HOK ek RE SR T 5E
[7]. BEHURIEE, 2014, 30(4): 5-9.

Zhou C, Chen H, Shi D F, et al. Experimental study on
performance of phase—transition thermal—storage heat pump water
heater [J]. Building Science, 2014, 30(4): 5-9.

FE . GRS B RS AL AR AR A FA s S BB AR ST T
[D]. T SR HE TR 2, 2010: 79-95.

Wu S Y. Enhanced heat transfer experimental and simulation



57 W RO HHUKES A EE DAL S fil BERF I IT 793

research of nanocomposite phase change materials [D].

Guangzhou: South China University of Technology, 2010: 79-95.
[22] #9753 AF KR B i oK & n B RS TR 55 BEFE 0 TN A 2L ().

TR R AR (AR RLERR), 2016, 37(2): 247-251.

Ran M Y. Preditction model of the heating time and energy
consumption of electric water heater during the un—draining
period [J]. Journal of Huaqiao University (Natural Science), 2016,
37(2): 247-251.



