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Research Progress of Nanofluids in the Field of Solar Energy Utilization
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Abstract: As a renewable energy source, solar energy has become a hope energy source due to its abundant reserves, green and safe
property, and is widely used in industry, agriculture and residents’ lives. The disadvantage of traditional fluids is that they cannot make
full and efficient use of solar energy, resulting in energy loss, while nanofluids improve this because of their excellent optical and thermal
properties. The influence of nanofluid concentration, particle type, stability and substrate type on photothermal properties was analyzed,
and the latest applications of nanofluids in solar collectors, photovoltaic heat, solar seawater desalination and thermal energy storage
systems were introduced. Finally, some shortcomings of the current application of nanofluids in solar energy systems were summarized,
which provided a direction for the improvement of nanofluids in the future.
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Fig. 2 Effect factors on stability of nanofluids (a) ultrasonic time and power[SO]; (b) pH[31]; (c) different surfactants/®?!

THOG R T ARG RE ST R/, 2 gk
ARG 2R R ) — AN BB, nT DU BOR-RAA &
HFEon B3l

1.2 REFMH

AL 2 R 0 A TR R 35 T 2L P R T
JFG S YRT8RO BH 't HE AT Wi AR R
SFe VM R BORIK PH BB B R BUR M7 Bk 2R MR RE 1Y
TR

T(\) = exp(—Kepd) (1)



276 R = TR R

2022 4 339 %

s T(N) IR 3% 5 2%, —MEAE 200~800 nm [
WA E AW E; d AFEEIRE .

YRR AR T 6 R R TR IR E, B
R RN, SRR R Rk AR b, ATV O R AL
Wa 23 n. [F e 5Bk R TES LA &
IR 5. Choi 25 B4 BIF 97 HH 78 47 I FR B 44 K
EYURTUARES R I I AEFR 3 E N T 0.05% BFH L R
BB LRI K, 2 J5 BARAN 2R, (HAT5 A B,
T B I BT I8 A 0 A P O IR S, ' R TR I
RS I AN R B 28 M 38 0. Bindu 25 391 K P25
i 4 = 76 MWCNT-Al,05-ZnO VB A 9K AR, 24
46T 200~400 nm KT, 6 R B =, HFH K
MWCNT A $E S R G K28 1 d AEE 8
d BV e R AT ST L, R BLRE A 1L 1] ) SE
7 FEAR, HEW 5 B0E ] 28 9% . Han 55 BY R ZAFH
R EN NP RN = CAT AL SR X s
40 nm ] Ag GIKRLT- 75 B I [X B ¥ e R A0 35 4
i, B RLAR IR — 0 1IN, Y 6 RBOZ T PR E 2
W WA 7 AR 15 B 9% . Hosseini 25 B7 0 5t B A [F T
i) FeoOs KM NT I BE IR 52 1A, 38 i S48
F W, TR SR AR AR )T O R ECEL S T HA
FE, 24 S BRI 3 om B AT DARR ST -4 3 A
Bo 1EKPH ARG AL R, i R TS 0 48 K A4
R B, AlIAH] 82% It IFE R

K BH BE AR IS 3R Jf A G K A4 7E K BH R s
PRI AL E £ 1) L ggi] (88-401:

Sn(A) = [1 =T(A) = R(A)]Sans 2

W [ S (A)dA

A G s (A)dA
A Sn(N) AGUKT AR B R BRI ISOE B R(N) N
S Samis NS IR ASTMG173-03 1 A PH 48 IR
FE5 A AKBHBEINBUR I o A H, KBHAE N
B % BU R T3 e R BRI K AR )2 IR FE . Zhu
2 0] dh1) 2% A5 8 TR UG B B & AN 9 KA BL B
B AR IR, MR B K FH A A TR S 5 A f 5
TR RE RRCOE B, AR ) T R AR I o o S T B
T3 . AR BH B8 DA IR 1A 26 52 21 BE 25 50, 76 1 cm
) ZERE T, WREE N 107 1) Ag-Au/ZNG 24K
PRI R B0LF) 0,971, tb4l EG @& 5 f%. Hazra
2 W BT EG MIEALHN-Z —F (BN-EG) 94K
AR P TR VAT B R 0 B, T DA H B A R I B R R

3

(Y388 0K BH BE A R BB 2 36 0. 7E 2.0 cm (1%
FEIRET, 9 x 1075 1] BN-EG 44K AR i hnAL £ 5
N 89.51%, IR AR T T 40 fi%.
1.3 A4

VERHT — R TAE AR, WFF U625 ek 14 B iz
Bl FHN K A RS B 77 2L B H AR O
LR I F o 22 I 28 T A 5 28, R DRI AR PR £ A
FEVE B LSk C )2 . K2 Bt Fi A
FERHLBEL Y RSN T B8 FHPLEE
Fa T 9ORR T T R IR S IR 2, B DARIAE
W/ YKk R 1S B S V3 2 B 3
HLEE A H8 AR I P 308 114 A B33 2 AN Al 50 o 38
SR T IVT A R K MRIORL I R SE RS B
TORE SR LA BV PR e 1 ) LA T T e ik %o 0 3 3
p- Al
1.3.1 FRRR~TAIRSR

Murshed &5 (421 BLZE 2005 4F W40 & Bk () R
SPRUR X TR A . B 3(a) B AR
&R R UL RS 6 oK I R B Ze g g . ] B
B AEAH R IR BE R, BE & RLAR IR/, 9K A4
1) 3 PR IZWT I TN AN RST B KRE T R TR R
PR OATEER 48], Main 25 B ORI T N RS Gk
Fi 7B T S8 Timofeeva &5 1491 45 35 AN [5] A WL
25, AT R DR BB 9K iR B SR, B
A SCHRIE 3 A AR G g e L R LB, TR 5N B
HHE— S HIWT 7T, Cui 25 O WF 5T T 4 FAS R AR G
TiOy KK T 5 # T 2 s, I IR 5 %
B o
1.3.2 FURAYIRE

Nfawa 55 W7 B0 7T A FRE T S ARSIk
FERIRF, nlE 3(b) B, B WL, SR
Bt bl 2 3 0. Ezekwem 25 1481 BF 5 i A fek oA B ot
YRR AR I TR PR, IR 1% B2 = E 2%
i, G RAAN] B, (HAE 2%~3% B, #3542
T3 . Colak[*9) 3 idd 3 5 N T A48 X 4% B T T
T YRR RG24 RO DU IR 3G, 4T
KAPEZ 10, 5 K2 B 57—, Judran 25 PO AN
AN IR RURE A P % A4 S5 2R A S ), [ R 75 B ) A1
PRSI, B K AT 25.08% 6
133 FRRE

TORL 2 8] ) A 3R 2= S EgeR iR R fe, AT
FHOLFAMERE TR MBI RNERRZ, RE .



RICT, TEIRFS, AR 3T, 45 QUK IARAE K PH REFI T U 702t e 277

4
r o
a
(@ A Water o
0.701 o015 nm o
= ©30 nm 5 °
lg e 80 nm <
. o °
g = \
- 0.65F
= o A
= ¢ a
RN
A
0'60 1 1 1 ]
20 30 40 50 60
7/°C
11501 (1)
—-—0=0.0125
——0=0.0010
L1255 9=0.007 5
——0=0.0050
L ——(0=0.002 5

KW - (m-K)1]
= = L
W ~J S
(=] L{l S

0.025- V///r———T—,/*///*//—4

20 25 30 35 40 45 50
7/°C

B3 FRMFA R () R B (b) e 17

Fig. 3 Influencing  factors of thermal conductivity
47)

(a) dimensions!*3!; (b) concentration!

pH. #5714, Li 25 BY B 508 X T 99K
TR () R W, 4 5 R LA T 2 B IR RE ) T e T
Jil. Jabbari 5 521 3R T FIFEHI I, Wang 45 53]
5T pH A TR R e AR Bt R IR oM, 45 R 3%
B AR pH o] DUR M A3 3 H R FE /K. Ik
TH ¥ PR 7R AT DASE = KR A PR AR 1, (Rt 23 e
BRI . Abu-Hamdeh 25 54 FI| FH 580 /7 45
UM TG PR 7R R A KA A P B R 52 o BF 9T 3R P,
TS IR s A B TR m e R, B E 2
N, T ST FRAR, 5 PR S I R RORE S2 I 1 44
KR 125 . Ma %5 55 i 50 AN A EL il ) 5 2 0tk
W& GE TR (PVP) REIm A4 14 B &2 e, [R1RF: 0 % B3R 1
T VEFIAEAE S R TR B2 AR 15 & U ME RE S 40k B i
134 HigREM

KT YRR T Z 0 R 3R R &R, A1
YK RORL IR JE YEEAT 72 B A, R 24 T ik
PEE IR R E B RS A BT gk
TARFRE MR T MR . Nikkam 55 56 j i
b & AN W AN [F) SR O T T R
Wi, IR & TSR R TAE TN« Bakthavatchalam
5 TV N0 22 BE R KA I S0 AS [R) o 288 119 0 4

SR, g5 BRI, M T KRR, 2 BERR YN
KM I fE A5 B A i #(3 % . Vandrangi
2 O8] DUAS ] B VR A 7K 5 2 B AR R SR 6T L,
SR RINEA 40% L0 T 15 9K R 1
S B e % IF . Kalidoss 25 P90 3 1 X b 7K 3 A0
Therminol55 % HERE, K ILK BRI AARE &
HHE N A, Therminol55 & & il N H « Gao %5 18]
il £ 7 LLR /A A B BAR IL 45 75 577 (DES) N
R0 S8 05 AN K AR, BIF 9 R B A T R AT e v
RURUINEE AR R 05, e HORCR LLaliK N 2, B2 4y
Wil 36.4% 1 11%.

2 NA%E

YHKIRAR I AR E T AN G FARR 14 DR HAE K FH R 4
BTz N B E T R A SCEEAN A YK
IRTERPHREAE AR . JBIRIAR G . KFHREIEZK AL
T = ANFREEAE i T I BT AL
2.1 KPABEEHS

X BH RE AR s 2 — Ml R FH e 5 AR AR N
S B AR I A AT B B, R L 4 D B R )
Bo HTHEWAE, XI5 9 FHOKFH eSS (lat
panel solar collector, FPSC). I 7= & K [H 68 4 4 &%
(evacuated tube solar collector, ETSC). B WK
FHBE £E #4 2% (direct absorption solar collector, DASC)
F 47 i Al 2K BH e 2 #4485 (parabolic trough solar
collector, PTSC). S54& G ARAF], ¥ PR ARSI A
KPHREAE A, 2 W M B DGR %
2.1.1 FPSC

FPSC J7 iz B T HAR IR . N Ttk — 242
i FPSC A R, B A0 HOGIUE T 49K
WA B b SN 4), Akram 25 61 fd FH B 1) 5256
& B 1 99 oK I AR AE P BB BES B A RE,
1 FH 4 & AR OBRUIR B2 g D B LR . TR
AP EGUR R BrEBE PR RAR A & & 1 KAE
FPSC H# AR, 25 I 3R B BT A 9 oK I 4 1 # e 232
BIAR T 28 17K, e B I 0 K A AR ) AR A
5. Ahmadlouydarab %5 2 B 7% TiO, 44K I 44 £F
FPSC 1 ({1 fE. 70 % ] 120 min A1 240 min [
W G AR, R BLFERS 120 min A S 06 30K e
H LI 5 I A TR FE TR 38 0, R PR A B 2 1R
7E FPSC A8 H 4 NI A /K 9 oK A AR 9 T AR A,



278 i TR AR

2022 4 339 %

G R LK T 12.7%, 3K F] T 69.85%. [N
R % A IR RO 53, 27
13:00 150 Ge % iy 1631,

5

8 —Flow meter
12— Data logger
9—Pump

1—Square collector
3— Vacuum breaker
5—Tank

6—Heat exchanger in the tank 4,7,10— Line valve
2,11,13— Thermocouple

Kl 4 FPSC % &5 K (00
Fig. 4 Schematic diagram of FPSCI®]

2.1.2 ETSC
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