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Cold Thermal Energy Storage Characteristics of CO, Hydrate Enhanced by
Compounding Surfactant SDS+SDBS

Yu Qiancheng Xie Yingming Wang Ning Weng Shengqgiao Zhou Qi  Li Jiajun
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,

China)

Abstract The cold thermal energy storage characteristics of CO, hydrates were studied in different mass concentrations of SDS surfactant
(0.4 ¢/, 0.5 g/L, and 0.6 g/L), SDBS surfactant (0.2 g/L, 0.3 ¢/L, and 0.4 ¢/L), and compound surfactants ( SDS+SDBS)
using a compression refrigeration system. Compared with a pure-water system, SDS, SDBS, and compound ( SDS+SDBS) surfactants
improve the CO, hydrate cold thermal energy storage performance, and the best concentrations of the surfactants were 0.5 g/L, 0.3 g/L,
and 0.5 g/L.(SDS) +0.3 g/L(SDBS), respectively. Comparing the cold thermal energy storage performance of SDS, SDBS, and
compound ( SDS+SDBS) surfactants, the compound surfactant 0. 5 g/L(SDS) +0. 3 g/L(SDBS) had the best cold thermal energy storage
performance; the precooling time (21.51 min) and cold thermal energy storage time (27.56 min) were the shortest. The latent heat
storage capacity (1 308.27 kJ), total storage capacity (2 967.35 kJ), average charging rate (1.79 kW), and hydrate formation mass
(2.55 kg) were the largest. The findings indicate that the compound surfactant had the most significant effect on the CO, hydrate cold
thermal energy storage characteristics of this system.

Keywords vapor compression refrigeration cycle; cold thermal energy storage; CO, hydrate; compound surfactants
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Fig.1 Experimental device
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Tab.1 Main parameters in cold thermal energy storage process
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2 AEIBRERE SDS X CO, kEWME
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Tab.2 Cold thermal energy storage of system in SDS solution with different concentrations

S{Zﬁfﬁf Bl /min SO min SREREA) BAEREA BESRA ; gf: . ;iﬁ@
0 28. 65 37.21 1 685.67 726.92 2 412. 59 1.38 1.08
0.4 26.52 34. 33 1 683.74 814. 12 2 497. 86 1.57 1.21
0.5 25.07 33.67 1 679.52 942. 35 2 621.87 1.83 1.30
0.6 26. 13 33.51 1 675.39 842. 49 2 517. 88 1.62 1.25

3 AR RERE SDBS X CO, K&
B2 RGRENL

FEVEE SR 3.5 MPa B, AF 7% 5T v B2 49 5
0.0.2.0.3.0.4 g/L 1y SDBS ¥ b CO, K& Y4
W E R, R 3 AT, 54Kk R (0 o/L 1
SDBS) #H Lt , AN [A] 5 £ 4% B2 1Y SDBS WX CO, /K&
VEVRRGEAmANEN . RGN E I F e

I TA) 40 T 5 ZRGERY S EE Ve i IR Ve R R A
VPRSI B, HUE Ve AR A T B th T A
Vet g LAY, B 3 RT3 K 5 7K & A 1l o 5
IEV AL — IR ORI IHR & W A s 4
A7 TR AN TR B BE B SDBS VR IUH REGERY E 1S
PERESI AT B4R T, £ LIk, 24 SDBS &k &
0.3 /LI, HERSEIE R B RIUE, REER
AESIA T et

3 AERERE SDBS BRHPREMNESER

Tab.3 Cold thermal energy storage of system in SDBS solution with different concentrations

S]?BS R AR E/min - B HHH/min RIER R/ EBREL R/ BER R/ AR P
W/ (g/L) iR/ ke R/ kW
0 28. 65 37.21 1 685. 67 726.92 2412.59 1.38 1.08
0.2 26. 03 33.83 1671.40 858.91 2 530.31 1.65 1.25
0.3 24. 81 33.13 1 662. 25 1011.22 2 673.47 1.95 1.34
0.4 26.35 34.07 1 668. 78 805. 47 2 474.25 1.50 1.21

4 AEREREERARX CO, KE
WE S REHEL
4.1 CO, /K EWME A ES

FEVETE 10 3.5 MPa i, BT 55 4k i 4 B v
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(h) 0.5 g/L SDS+0.4 ¢/L. SDBS
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PRl 2 7R R P P 2 70 R TR M 28

Fig.2 Temperature change of middle and lower layer in compound solution with different mass concentrations

4.2 CO, KEWMERIEZR ST

RGO HIE Y BRI 5 B A LY
PCAE 208 T B B SR A RS M DU .
F4 B30, SAUKE R, R RGN T HE

Y IR e K 65.74% . 24 SDS Y I B M EE
0.5 g/L H SDBS iy J¥ 4 0.3 g/L I, I E %
HARR 1,79 kW A8 Ry f K- BV ) R I
E B PEREAL TR AR,

RAARAREREERARTREENELER(3.5 MPa)

Tab.4 Cold thermal energy storage of system in compound solution with different concentrations (3.5 MPa)

S ] BRI E/ (g/L) T2 BsF[A]/ min FE V5 W E]/min I E R A /KW
alizk 0 28. 65 37.21 1.08
A4 0.4 SDS+0. 2 SDBS 26. 18 34.05 1.24
B 4 0.5 SDS+0. 2 SDBS 23.62 33.39 1.39
(o ;| 0.6 SDS+0. 2 SDBS 24.33 33.45 1.37
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L4
S SRR R/ (g/L) T2 BsF ]/ min E VA Al /min T E B A/ kW

D 41 0.4 SDS+0. 3 SDBS 22.90 32.75 1.43

E4H 0.5 SDS+0. 3 SDBS 21.51 27.56 1.79

F4 0.6 SDS+0. 3 SDBS 22.52 32.13 1.47

GH 0.4 SDS+0. 4 SDBS 24. 80 33.71 1.33

H 41 0.5 SDS+0. 4 SDBS 23.43 33. 11 1.40

124 0. 6 SDS+0. 4 SDBS 26.32 34.12 1.25

24 4 TR SR AL RS0 “0. S~

B R | RGN IR B ] 4 S B Wl A
FREE AR 5, FL T A& VR B (] f e A S 0 R R =
P, 24 SDS Btk W iE W 0.5 g/L H. SDBS ) it it mﬁ or |
WEFEH 0.3 /L I, BRGE MO T R4 16 16 45 6 5 Ak « 2 o '
A, R DR R T PR % 7K 2 L £ # 20
5L SERIAEOC , SDS HAT 2R K FEFER K 5L 1) DR 45 15}
FE) X6 7R S 0 35 A A ) 7 v T AS 235 FKCRH ) 2 10

PR fi) 2 20, 0 SCIBORH 52 149 58 T Ak 73 331 X PR 26
A AT I E XK G A AT e ERCR . e
Hh,SDBS HAT /K SR AE A | M XUk R P AT ok 22 Uk
IR T ) A5 | AT A& ARG R A AR ) S T RE , i
ARG S AR

2.0

1.8+ "
P
2’3 16+
am 1.4+ -— " -
2 \\/“\
T 12¢

A% B# C#4H DA E4H F4H G4 HA 14
AR ALV WA )
3ARREREEMARTREN FHERHEE
Fig.3 Average cooling storage rate of the system in

compound solution with different mass concentrations

A%l B4 C4H DA B4 FH GH HA 14
ENGE-A W iR
B4 AERERESRARTELRENE A
Fig.4 Cooling storage time of the system in compound

solution with different mass concentrations

4.3 CO, KEMEREN

25 PR AR T E R IR T R AN E
RIEOL, S ], H5ai kIR R, RS A
EVR EEAN RV B ) 2 eV v b 3 2 kR
HLHE IR AR K 22.80% | 54.3%  47. 24% ., 58.50% .
79.97% .62. 15% .42. 59% .53.79% .25. 66% ., .4,
R BAE R RN BB/N, B SE R R HAE
Vo R PAGE VA AR N B A B VA o B T A
BRGNS N, 220 WA KA A
Fiie 5 BE W BA BRI IS S
R K, KA YA U AR N3G K, 2 SDS /9
FE e E N 0.5 ¢/L H. SDBS IR E 4 0.3 o/L

% 5 TRREREGRARDREQEA R (3.5 MPa)

Tab.5 Cold thermal energy storage of system in compound solution with different concentrations (3.5 MPa)

gy ORI b R B N
(g/L) i/ kg
afizk 0 1 685. 67 726.92 2 412.59 1. 38
AH 0.4 SDS+0. 2 SDBS 1 648. 68 892. 64 2 541. 32 1.75
B 4 0.5 SDS+0. 2 SDBS 1671.33 1121.64 2 792.97 2.17
CH 0.6 SDS+0. 2 SDBS 1674.12 1 070. 31 2 744.43 2.07
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gy L CRRERIE e A BAEG R BER A AR
(/L) i/ kg
D ZH 0.4 SDS+0. 3 SDBS 1 667.02 1152.16 2 819. 18 2.22
E4H 0.5 SDS+0. 3 SDBS 1 659. 08 1 308. 27 2 967. 35 2.55
F4 0. 6 SDS+0. 3 SDBS 1 664. 17 1178.71 2 842. 88 2.28
G4 0.4 SDS+0. 4 SDBS 1 670. 52 1 036. 53 2 707. 05 2.00
H 4 0.5 SDS+0. 4 SDBS 1 668. 83 1117.95 2 786.78 2.17
140 0.6 SDS+0. 4 SDBS 1 653.22 913.48 2 566.70 1.79

Bf, R G M E ¥ (1 308.27 k) M E X
(2 967.35 k) ¥13E Bl KAE, H CO, K& W H 5
(2. 55 kg) Ik El M4,

1A 1 A 5 S D R A Sy 3T ) SDS
1 SDBS 47568 7K v v B AR 3R i 5K 7 i R, 1675
[ 25 (8] AR G e 4 B 2 | VR 4 b A /K
BV SRS AT, Y T P A
JEE v Bl — 2 R B A, 0 5 4 A HE 51 T A IR
A TR A S ARV ) 2 T8 7K D) R 2 K &
WK,
5 SDS.SDBS 5 &AM RERER
EXT Lk

%6 FTR ARILRIRIE N 26 °C FEEE SN 3.5
MPa I}, 4li7k SDS(0.5 g/L) .SDBS(0.3 g/L) LA K S

BRI (0.3 /L SDBS+0.5 g/L SDS) 1K & T R4
BNl HIRLL b 3 R b iy dee A R 45 R 5

Al KA 2 P2 A 25 SR AT X EE , RT 1 SDBS I 6 7K
G R AR HEVE IS O T SDS ¥ R, B BC S TN
KRG A PR ERCR A S0 F SDS & SDBS % .
24 SDS B TRl 0.5 ¢/ H SDBS 1 i & ik J¥
4 0.3 ¢/L B, RGA A ] (21. 51 min) f1E %
BFR](27. 56 min) 450 & i H R G B RE R &
(1308.27 k]) G ERE(2967.35 kJ) FHE R H
H(1.79 kW) FUKE P HE BT (2. 55 ke) ik 3
KIE, WL, REE B R T HAERS, B
(0.5 g/L SDS+0. 3 g/ SDBS) Jyfie {552 e o 1 e 35

SDS 5 SDBS ERLaEfE#E CO, KAWL, FE
JEEANTR . 1) CO, - F S5 X FR 4340, il SDS Fl
SDBS 5 F 45 & AEXTFR 1, 3 BRI T A ] ) 2
Tk ) HLIGR T SRR A Rl AL, Wi Kok &
YU AL 5 2 ) PR R 2 T 305 700 34 LA A i TR
A R LIS K w5k 1 AR AR, A R T COo, K
B YA L , DA AR B K A P A R

% 6 SDS.SDBS . EE A ZHRZHREELER

Tab.6 Optimum cold thermal energy storage performance in SDS, SDBS and compound system

o S IO S VR i =% RE hINE BE  OKEWER FHER
- WeRE/ (/L) BfA/min - B[]/min - #&dE/k) Big/k) Big/k) FiE/ kg WA/ kW
4li 7k 0 28. 65 37.21 1 685. 67 726.92 2 412.59 1.38 1. 08
SDS 0.5 25.07 33. 67 1 679.52 942. 35 2 621.87 1. 83 1.30
SDBS 0.3 24. 81 33.13 1662.25  1011.22 2 673.47 1.95 1.34
SWAW 0.5SDS+0.3 SDBS  21.51 27.56 1659.08  1308.27  2967.35 2.55 1.79
A MM (SDS+SDBS) K CO, KEMER R
6 it

ARICHRTE TR A E R R G, ANE i ik
JE) SDS SDBS J% & it (SDS+SDBS ) VA 1 €O, 7K
BRI E R IR LG 3 B VR B AR B VR T
BEINT 45

1) 5AKIERFA L, A ] 57 i B2 1) SDS  SDBS

EERAGAE A, H R 3 Fhs w0 s vk B 430 o
0.5 ¢/L SDS.0.3 ¢/L SDBB 0.5 g/L SDS+0.3 g/L
SDBS.
2) X SDS \SDBS A B &2 et i ¥k 1) o A2 o 2 vk
JE A5, K BE SDBS VT CO, KA i
HEAE IS T SDS %9, B L HS O o, K&k
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