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Abstract

Phase change materials (PCMs) have great potential to stabilize indoor temperature fluctuation
and improve thermal comfort when be applied in modern building. This type of material can also
increase the energy saving by absorbing clean solar energy to achieve peak clipping. The influence
of PCMs on building indoor temperature and energy consumption at different climate conditions
were discussed in this paper. In various climate conditions, different types of PCMs with distinct
melting points should be selected. PCMs are suitable to be applicated in locations with high alti-
tude or places with large temperature difference between daytime and night, but not applicable to
constantly hot or cold zone. Two types of PCMs with different melting temperatures should be
considered in the areas with distinct climate between seasons. In the case of constant climate, PCM
with the melting temperature of 20°C - 26°C should be considered.
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1. 5|8

ILAER, A RETRM AR R S B HE O S B A BRI M B 1], AR, 2015 4, AR
MV FRSAE N TR ST 5 A BREEFERIIE 21%. Bl AR08 E, W5 E. AN A& k%
FOE KRB, B B AEK 2%; 2015 2 2040 FEFAFETHEINK 32% [2], XA HES)
TR ARRIR R BT, JRHORORPHEE . SRR PHBE AT [ B . ANERE MR A, Rk — 2
FIF AREAPEBA . R A A7 57 LARABE B T AR SORIRE R, I B HIE IS PR, i K PR b P A
G 2% [ SRR/ VA BEFE[3] [4]. WEMEREBONRIERGEMF P BCH BT SMER, FovE R AREm T
PRI, BErRes%E 5],

I AF 5K PCMs BRI F2 4652 G, ¥ PCMs B 2 i B8 R G0 b H A Stk 32 BRI FH 280 14 A
R T AR IR R, PCMs WIS, TR T AR IR T AR RS, ARk REATRL AT
CAREISC L o PCMs N TEESA A, AU AT AR = WIS, 1RTH =N EFIERE, b fder, PR
PURERE, LR A BB, PR B 6]. {2 PCMs 7EEFIHIFATERE AP RIA S RFIE .
PLEK . HERAT B, SEZE R SRR, BRE T AR MRH . B, ACLEEEE PCMs A&
R PE R A BRASAEI 3 A, AT EEAN RS N PCMs X % P IR A E 4B [ 7] [8][9] [10], FExd FL sy
RERIEE[11] [12] [13] [14] [1STEEATVEMY, Mg AR SR A XIR, AR RRE I 7 T 8

2. PCMs B9i%#E

FERF PN PCMs, REW IR @RMIRRATIRE, PRI S WA IRGEREN,  RIES A BT &
W, BEARE S A R A B R Gs JA G, I/ REREFE[16]. A BT I DU AR L AIAR AR v o A8 B
HSL T —/> PCMs RIBEEE[17] (18], B A 300 2 M) B2 PCMs,  #5y 24 H500 2 B ) FE 4
FOR, WAARME R . AR AR SR AR W2, AR E . R AR
Wk 1 AT T XA B A AR B S A I SR R I, B 1 (a) R AS Rt R AN T L AR A AR AR
Bk BEARELER LS PCMs, AHASHIR A S A K, AR o b 7R SR £ 18 B AR AR A
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SEARRIE TG AA M B, AR 18°C~30°C, ARSI 90 kI/kg~250 ki/kg; i taft
RN T ARG AEM L A ERRTHTRIERFEAHEME . B 1(0)AFEBIEARR T AR
ARSI R, AR AR RITER . THUKE 5. W R A, Cl4 AR 4°C~5.5C, &
{EL7E 150 kJ/g~230 kI/g, Cl6 AHALIRELE 17°CAhitn, JafiAE 230 Kl/g ity o HRAEEEIUNT PCMs [ EK,
16 E G BAHARIR B, AEER s e AR IR FE G B AR AR SR AR S s[RI SR G AL PCMs 7E4L
o B B GHIEEZ TR R (19], AR PE bk B AR AR AR .
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Figure 1. PCMs database [17]
[& 1. PCMs B3R 17]

3. SRS HIELR

A PCMs 82526, ANFESMRSEAE R, PCMs X % PR 3% B8 00 B 50 19 RERCR AT .
TR RS ERHE KPR . B HAREN, HZAEAE. oM. g, K30
s FEI SR 2 52 . A SR A Koppen-Geiger [20]05% 43 RITVEAE EERIE AL T 31 NANEIRS A% X I,
i 2, AURTEAA BT LE 1.
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Figure 2. Koppen-Geiger climate map of world [20]
[ 2. Koppen-Geiger ttt 75 1t E S 1% 53 70 B[ 20]
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Table 1. Color, code, climate table

=1 He. KL, SIEF/ER

R A R Ak
] Af P TR Bl o AT UR L IR)
Il Am AAHERR Bl o FARA R R )
As A Bl o FARA TR TR IR
Aw AR Bl o FAR AR )
BWk A AR B oa FARYA T (R 5 KB )
BWh A IOB A N Dsa RS BN E L)
BSk A B Dsb HF AR R ER)
[ BSh S A B Aok Dsc B Uk (TR de)
[ Cfa FIRIR IR A ) Dsd ST IR (R KR L)
e Cto FORIRIE RGBT Dwa AT IRAIRE TR AR
[ Cfe FORBE R T IUR) | ow KT AR IR
e Csa T IRIE R R A Bl o AP AR R IO])
Csb TR (L TR ) Bl ow AT IR (B KRR
Csc PRR U SURCES s i) e EF UK 15
l o AT RBEUR(CT R R ) ET B
Bl o AT RS FR R

AR K I XSRS R RIRTA S 0 A AT b S o A ERAT AN [R) i DX 300 S0 = i 30
RE A M 5 A BT IE FE 2 LA o

4. FEISET, PCMs EREAPHIR A

PCMs 7EZEHUH AL & REA T2 B T A28 T AHAR A0S, PCMs AH AR 2808 B phe T4 2 71308 B A AZ i
JE[21]. M PCMs HIARAZ DD R ZAR AR 5 PR BE AR A0 S AR SUREAESR b o

4.1. FEISET, PCMs B ZEARERIFME

Ubinas %[ 78 AR50 5 XS IG5, P xS LUt e, HFI80E PCM express AFLITAERAPE, LB T
VEYEA A FI T PCMs. 15 L A B BH 22 5056740 500t = N R B 52 o AT R B, PCMs A B 114 m
N REETIE LT IR], PRARREAE, b= IR R EN. SR, AEYRATUE T PCMs S HAET & 14 19
SN AN AR A, a0 2, FANITH, PCMs AT A8 FAET & I (8] 5 i i 1000 h, JEH: B /R 2510 1699 he
2R L A FAET G FE I R) 5 4RI TR () 87.5%, 578 PCMs MILL, 3011 27.7%, T 5 4 ) 7 FA &7 3 B 389
Bl AEIN 11.2%. fERESET, 56 PCMs ML, PCMs BEAK T & iR 3 R, 4R%
B PCMs fi BB P4 6°C, PRI RE I 3h P 60%

DOI: 10.12677/ms.2019.95056 440 PR R


https://doi.org/10.12677/ms.2019.95056

N 55

Table 2. Effects of PCMs on thermal comfort in different urban climates

2. FRIWHSET PCMs XHHEF & M RIS

il Sp ﬁfﬁﬂ ﬁ“zﬁnﬁ %T»iﬁi 7 PC}\/IS E A PC}\/IS £
WLt EES i K A7 L BT A b
mED TR B RESFEEFRER) 20% 90% 1568 60.0% 79.1%
Eymt il HIRIRE SR RRET) 30% 70% 1699 61.5% 81.2%
LR H RS R R R ) 20% 90% 1533 60.3% 78.8%
FEYER) T H TR SR R ) 10% 90% 1086 59.0% 70.5%
FHI R P U (R R R ) 50% 50% 1559 59.8% 87.5%
(f) BA20w90s
2

MA20w90s

SE10w90s

S0O50w50S

Jun Jul Aug Sep Oct

Reduction of High Temperature Peaks
------------ Reduction of Low Temperature Peaks

Figure 3. The effect of PCMs on peak temperature drop [7]
3. PCMs XU {ELE BE PR Y #20a [ 7]

Sharifi 5 A [8 7 FH S8 S fi (1 4F FE i AT TSR, B IE T AN EITT B PCMs IRIREAR 1) 2 SR A4
PERE. S5 PCMs HIRCRZ ISR B R . TR A PCMs PR IR N 28°C, Ja{EN 151 Kl/kg,
EIRBER 50%, FEEBIF(CA, FIBRIESE-E =R EADHIX, =N EM KD T 19%, 1MHX4E
WA, EFRBESME-E 2R HEDH X ARG &G KD T 12%.

FHUEAT L, AHE ) PCMs ZEAS R X AR IR A AR ROV AN R, [FIRE, AH RO [R1ZET5, PCMs (IR
R A . Siddiqui 5 A [9]fH TRNSYS 73l 54U 246 2 Hh X 4 Z2F1 2 28 PCMs X} @30 = il i
KR, sl 4. fE4Z, A, G PCMs M= Wil BB GEHRMRE: £EZF, MHEKERPCMs B&E
N 20%) = PN i ERTE PCMs A LE, BRIK T 8°C, 5 5.08 cm JE/KYBMRAHEL, PG 4°C, HIE I
Ji#. Kuznik Fl Virgonel %5 A[10]8G HFEIBFFER, EZERFKTT PCMs X = il B 5 B 2.
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Figure 4. Indoor temperature curve under Toronto climate conditions ((a) winter, (b) summer) [9]

4. ZRE[BFHTENEEMZ(QEF, OEF) (Y]

Ao TS T AR PCMs W I HUE P FEAORE MU, a0 3, S I 8 N i R I /N
K, WOINETE KT o ks NN ZE R RAE. G5 R R, XA, R SR (D) R
A (a), PCMs BERHE T RIIE T o BEAh, AR SR AL IR B 2 5 7E PCMs FAHASIR E 1 iz,
PCMs 7" fE SE B B2 BEAT 42 AR HT o

Table 3. Effects of phase change materials on building temperature in different climates

% 3. RNEISIER TRV R X R FIRE RS

75 AHAS L Wi ik PCM il FE 50
EIETD I Csb WINET & E K 1568 h
Ly atil Cfb WIN4FE S 1699 h
1[7] 26C T fi L Csb WN4r&E NG 1533 h
FELEFI TR Csa WINEFERE K 1086 h
RHEI Cfb HINEFE TS 1559 h
Eepes Csb BN IE R K 19%
28] 28°C
DA Cfa WGP G K 12%
EZ (e Dfb H% B 8°C
319] 23°C~26C
EZ (e Dfb &% W2 RAK

4.2. FEISKET, PCMs HERFTHERIF M

Saffari %6 A\[11]2kH EnergyPlus v8.4 5 GenOpt®v3.1.1 HHUA[ESME T, PCMs X & 5 REFE IR0 o
ERRN, @HE NN PCMs [AIAR IR E NAE 20°C~26°C 2 [1], PCMs [ M AR IR 55 % & 1% 1)
. —MCRUL, 7ELLRERFE N E SIS, PCMs M EHARREZ 26°C, MELINMAES
B AEHLX, PCMs FISEAARIR L /2 20°C o fERE 7 sk X, { A PCMs AR AT LK HE FE F# A%
HBREFE, TR RT 10%. AHf, TEFRE - FRAEXRFEH PCMs 238 saese. Kk, &
FUH A PCMs RIARHEA R S5k i e PCMs [OAHAR IR, A i R R FEARAR RUR,  Seal i 5 REFE
() FEAI

Pop 5 N[ 12 MR H5 R A A BE IR E AR TT & T PCMs #AT NIIRERL, #F5E 7 = Fl PCMs (PEREWIZ 4)
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212 AR F@RAE RS TTRERCR, Wk 5. mEA A, Df (FiRA RS %)M PCMs, ifEXx
I8 40% /54, Cf (R S%) 5 BWh (B yb i S ) 15 ae R L BAML, 7 26%~37%2 7], BSk (Hr
LS ) AT Cs (IS T RE R, N 10% A4 .

Table 4. Related performance index of PCM
F 4. PCM XM RESRHR

RE T, T, T. Tpem [KJ/kg]

KAk 18 21 23 138.3
RT20 [22]

R 22 22 19 143.4

¥k 22 25 26 133.7
RT25 [23]

k[ 26 25 22 139.6

AL 27 28 29 144.9
RT27 [24]

it 29 27 28 149.2

Table 5. The energy-saving effect of urban building in different climates

% 5. FESE FRTRANBENR

iy I % U PCM A PCM Hl&/kgeewm®  BEUHG/ZET  ATRERCR

T H PURW  HIEARSGEEERRER) RT20 1.20 59 39%
MU PHRET EEAESEERRRE) RT20 1.29 4-9 39%
KipeS ik gl MR U (R R Y RT20 1.87 5-9 36%
[k %H HIRIRE SR ERET) RT20 131 6-9 27%

P = ol HIRIRIE S R(E T2 ) RT25 1.68 4-19 33%
LIRS (3 WM I AR R R AY) RT25 1.42 5-8 41%
FEYEF T PEEEF R IR B R ZE R ) RT25 1.08 4-9 31%
RRER i s T i B A RT25 1.28 6-9 12%
e ol B HRESFEEFRAL) RT25 1.11 6-9 7%
i 3 E[H DI AT R (] RT27 2.55 1-11 30%
PiE BR IR AT R (] RT27 2.60 1-11 37%
FEJe i FH AT VDS A RT27 2.70 1-11 26%

Wu ZE[13] R AR A L BHAMTEAL, b7 7 EAe g A m L 3E R, 56 E R =2 KA
SRS A% T PCMs X5 RE R MR2MT . PCMs FHARIREE N 25°C~27°CHY, 7EH 2 PCMs H B (14
AL, HEFUAR T EERTREER, dbal. ML BRI LK, EHTEEE SN 10.22%.
8.76%- 19.57% 17.82%. ELACFIVAR: 22 KA B m BT Re e, RN AU EEA, = 4MNE
ZERK . M) MU B, KT PCMs FIAHAR I, PCMs SEHIUMH AR it e A R P2 1 R A TR,
Nl & S S i

Ascione S5[ 143 T “—4ifE FHREN" T7iF, KIEHPHE, IR T AMARSET, EHTHER
K5 PCMs AR IE(26°C. 27°C. 28°C. 29°C). PCMs Btk JEJE(0.5 cm. 1 emy 2 cm. 3 cm)f¥IAH G
SERRIA, AHARIR R RS AR R I E KR, PCMs BRAHARIRE A 29°C, PCMs Bt 2% N 3
em. (HIEARFSE T, TREZRA FIAS IR o 7R KPP S% ) % R 47 (Ankara T H-H) 7 REZ S1E 57.1%,
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AR [A) S 6% [ ZE 45 R W (Seville PHEEF)NTRERAUN 29.3%, MRS =TT, D FE(Marseille 32 E)F1 8
A Hi(Naples B KRN A E TR, 558 52.7%8M 47.6%, THEH(Athens 75 )N 27.0%.

Berardi Z5[ 156 P9 R A ARG B B AGIREE N 21.7°C R 25C)IME A PCMs RGERBIFEAEF, F
F Energy Plus TM #AHEANEAL, WFIT T 240 2 Gl ity R i P 0 A0k ) R, B iR o ¥ P PR UMk ) UM 2%
PER A 8 A NIRRT S REFEI L, TN TIX R R A PCMs RGNH %M. 458K, E4 PCMs
FGum T R B E, SGE T BN 2402 AR AR A BRIR T K AD T 6% 31.5%.

EREVRIILRY, NMH PCMs BEHREFES H X AEMOC, St & i A AR RS, 175 AR
P AR BOE B A AR IR . AN, Xie 25 N[25 1070 1 A [ AN [ 3 X A A PCMs S5 AR fr 34 T4k
fig, PCMs StRAEAN A DX I8 (1) A% FARE T AN EPE REAEAS [ T 4 IR 84k . Ye 58 A [26]82 KA ESI (1)
M M BE B ) B B A A SR R PR RS . 24 BST> 0, Rl A Rl B & Rk R 2 TR
WIRE R, RIUIZAP R B TR TTREN; 24 ESI< 0, BEURARIaRAL R S Ae IR, AU . 45 1%,
S5 5 N PCMs A4 s X ] 8 33.41°C~38.79°C, Jbni. LifgHhIX PCMs Btk 1) ESI K T-%, {HEEIZE
NTARIRMEHEPS), XTI, ESI/NTE, ZHb X AN B R HAHAZ X 8] ) PCMs.

AICHTIALE TAFSE T PCMs ST RERCR 2R, 415k 6, i RESRERLE, ANFEHF
T IR AR, AH RS FITRERCE 2 R IOK, (ARSI . S8R R, #iirgA)NE S
PCMs N T@H ;s XTI ®B)sim A, BRRzER, AREARERARMHAE, $idEaNA PCMs;
[FI 5 _FR G5B ARML, TR R, RN R (D) BRI UK (a), PCMs EEHUEA T i 1 BERLR .

Table 6. Effects of phase change materials in different climates on building energy efficiency

6. FRISIE THREM R R RE RN

75 ARAZ I ] il R
TS Am -9.0%
/R &% Aw 1.4%
EIEZN As 3.3%
R A LL PG K Bwh 1.8%
1[11] 26C TR I Bwk 2.6%
FEYEF) T Csa 3.5%
S P 0 D Cwb 12.0%
LT Dfa 1.5%
Linxi Dwb 1.9%
T H Dfb 39%
AN RS Dfa 39%
18°C~23C
A Cfb 36%
oz Cfb 27%
2112] K Cfa 33%
IEZS Dfb 41%
22°C~26C FEYER L Csa 31%
RRE)R BSK 12%
7Y Csa 7%
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Continued

A1 SR BWh 30%
27°C~29°C i BWh 37%
e Je 3e BWh 26%
Jbm Dwa 10.22%
mEe Cfb 19.57%

3[13] 25°C~27C
DIZEEPN Cfa 17.82%
T Cwb 8.76%
ZRhL Csa 57.1%
FEYER Csa 29.3%
4114] 29°C 0% Csb 52.7%
A BT Csb 47.6%
e Csb 27.0%
EZ(e4 Dfb 6%

5[15] 21.7°CH125°C
R Csb 31.5%

5. GREEW

FHAEAA RN, AR 3 rp B FE A AR TR R . AR AN A DL o 2 353 A T 2 AR SRR A
AR VLN 18°C~34°C o FEAFEZEM T, MM RUE R K AR, 4500F:

R LA i s B O AR B X, AN B AR AR T S PR it BT A ZE R AR A A
T et A X B R 2 R R X, B B SR A AR R

TRES PZE S B AOHIX, TR A PR AR AR, DU T U R A AR AR A A
Bl BLA B T ) U50E R A 4 AR AL R

SRR TR KX, EERAMARE N 20C~261C ALK E, S=
WS, REA TS .

Al X, TRERCRAAEMAKZESR:. By H BB R @ 5 58 2 R B B B0 s
BE RN, ABACRHAM BT @R Lbr AR RN . Nk, @A E 2 TR NSChrit &, i
PR SFSE PR B AR BEAT 00T, XA M TR N, PR SRERE, e AT REVR K
FEA — AL IR I HET -

HE&mHE
“A =T EKE S R TR ThRE BB B AS A R B B BRI 7T 5 N 7 (2016 YFC070090000)
SE ik
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