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Abstract Recently, the innovation of the teaching content and mode for university physics ex-
periment has been considered to be the focus of the investigation. Particularly, employing vir-
tual simulation technology and single-chip microcomputer technology designed experimental
equipment with high experimental efficiency, wide measurement range and simple operation
characteristics has been attracted a great deal of attentions. In this paper, a new diffusion co-
efficient measurement device based on the LabVIEW and turbidity sensor is developed, which
has the advantages of simple structure, convenient operation and low cost. This device provid-
ed a novel route for the measurement of material diffusion coefficient. Milk was selected as a
target sample, and its diffusion coefficient in water was measured based on this device. The
error analysis of the result was performed, and the diffusion coefficient of milk at room tem-
perature was obtained to be (8.28=40.06)X10 "m”/s in the present work.

Key words diffusion coefficient; turbidity sensor; LabVIEW

Wi BHEF: 2021-04-28; fEE HEA. 2022-04-20

ESTE . 2020 & %% B HF P50 H (DJZW202012xb) 5 75 1 Il 15 K 2 1 2 0% WF 55 91 H (qhnujy2021116) ,
EEEA . B, 5 a2, 22\ GO0 M0 R L7 B R B SE, F98 07 1 ok B S0 B R L xiantao1984@126. com,
BIRAEE . W&, L, BB, B8NS R B3 58, W98 7 100 R JE D05 B4 R L d1j0308 @ sina. com,

Ela -
127.

Cite this article;: XIAN T, DIL J, SUN X F, et al. Development and application of diffusion coefficient measurement device based on Lab-

VIEW and turbidity sensor[J]. Physics and Engineering, 2023, 33(1): 120-127. (in Chinese)

S RIS Ph/NVEE SR JE T LabVIEW A1k B2 4% 8% & 10 4 15028 RO 220 ¥ i 0 S5 B2 LT ). 9 345 TR, 2023,33(1) 1 120~



WS T Vol.33 No.l 2023

RF ) PR SC B0 UR R 2 BOE SR S B BN
F B PR Z — , BUF AR K 22 4 B A 0 PR AR
HOeEBOR B R 8 L BB R B A S TR
FRMES B N IR & S I & .
K537 25 A 43 B I RN fige o [ R A9 BE T, 2 — D 4R
J 2E A BB L G A o R 2 e A R
B W 31 DS i I N 51 5 = O N d N
PR E B AR B E B Ry sk B L R
M B HT K 2 0 B B A 3 19 K 2= ) 3 5L 0
BEULHEA P S0 o LSRG RO R D, Bl
R 2 ) PSS R, B FOR B D
b K L2 56 AR BT BT (SR A R R S S
BB AT I TF RN S TR AR A

AR, T KSR LB NG FEIRT
RE A0S A5 1 TF 2 AT A A e 3 P O T Y B
%%, — )M LabVIEW, MATLAB, Flash #1
Unity 3D S8 ST M 300077 2052 50 9 5 31 ]
BT LabVIEW B KW H LR AR R G 5
F Matlab 3 ¢ bk 5 0 4 52 56" F1 3& F Uni-
ty3D WA B AR HE BL0 LS S —
R 2 o B S 50 1 SCHE L P A R A TR R R
) A A R DU AR G B S e R it S
ok A5 A SR Bl AR L SR L X T B SE R
WA T EIBR W I,

Wy 3T 4 DA v e R X3 ) I U R Xl B8 L
B A REIR N BIRE . Tz AR
WAk T M A 7 RN BR85S e s o A s L
R B 5> T8 1S 23V B B B 2Z ) 1) Lb 491 8
W.oeREmY SR en —4r~EERE, W
I MR AR RO T RO S A B Y & G
HE, HAT, I R B A R K
ST W S AL G807 B S B Y B R B e
Hor B 445 82 02 R T 3% W16 4045 4R i WA
PO 38 A R ) BT S 58 A (] 43 PR AP RE
AT DL WA AE S B e B A A TR RS 3
FRAE LT S8 T X P = R Al K ]
FEAYBIF FE- . SR L 3k 26 0 Oy B A A A R
F HBURE B ORI EURE [ B AN 2 51 A8 B . Ol TR
UL E AR AR T LabVIEW JF % - 45 Fljkt
JEAGIREF BT IR0 R ) — B P B R B0 5 3
1272 A N (R L B TR AR A B AR
SRR, IR LAER T AR WA K b By O ]
I 2 52 50 2 TR A A A T R BT

1 ZitRE

L1 EigSH
EL 040 5 1 4 B G I e B o
dC(x sy s2,1) dC(xsysz,t)
di T detdy’de’
Hop,C(axyy,z.0) N ¢ B 20 £ % W AE =5 (8]
R(x,y ) ABWE,D RaRY BUREL.
c,+¢C, C,—C,
2 2

Q)

XsYsZ
er
2/ Dt
(2)
Hr,C, ®C, 730l HEWAE (s y.2) Y BT
Ja M EE . 1R 2% RECH

Clx,y,z)=

2 u
erf(u):fj exp(—¢*) dt (3)
Jdo
XF 2 H er f (u) 3K RS erfino (w) , B
C C,
Clz,y,z)— 1+
fino 2 (xsy,2)
erjin -
C,—C 2/ Dt
2
(4)
XF O P BCE T LR 2 B RS
b7 3l I P S W)
(xyy,2)°
4Dt = 5
t ‘ CrC, 5
(/(l'gyaz)i
finv’ Z
“r C,—C,
2

AR TR0 0 B B o A A S e 5 B A
TEEUY T Ve B R A A 4 E AR T P S
AR C R . AR, 78— & Y0 B 9 9 o 9k 2
SR B R R, N B
WHE C(xoy ) RGN 53 B (T ) Z
[ f9 G & Hy

Ca,y.zst)=f[Tup(x,y.z)]=kx+b

(6)
Fe 2 6) FRA (5) 1545
4Dt = (1"y,z)2 | |
FlTus (xsy,2)]— G —;—CZ
erfinv’ —
2
n




|

W5 T Vol.33 No.1 2023

B;XDS]CI =1 ﬂt‘u CZZO”?%(‘

600
2 L
4Dt = R 500+
erfinv’ {f[ Ty (xsy,z)]— 0.5} X2 L /
400 F
€)) é |
S (OS2 ESY B AR RXR @ 300
X h 2 00
_ RZ l L
4t ><€)’fl.7’I"U2 {fI:TiHiE (.T 'y 92)]*0.5} X 2 00:
0 . . . . .
9 4 8 12 16 20
ARSEPL 25°C & a4 0% (hR ifE S . GB (R FEEVIv-100%)
25190) ZE7K Hh A9 B 8ISk ) 03— 5 R B S Rl Y B A O R
UMY RS, ISP 6) T, BK A
N . . 500
FTER PP BRE LB S E S Tite y=atbx
EE B
SRES S RS S 3 YD) 100 LI ST /
SR T A ) Wk FE 140 2 09 45 00 W0 52 ik 2 15 N ———
BEZWK R BRI, B ERBURE R 300 | famwrse T oworr
0%, 2%, 4%, 6%, -, 18% Fl 20% K 25 1% V5 WK {% | o 559738
100m L, K L B 15 J 2% i 1 e vp L 0 5 45 9k 32 6 o7 = 200
B A . I 1 Fios .,
DL 175 F v 52 A R A B, o 3 S 2 0 0 A 100 |-
YERICE 1, B 1 ar 5, 4k BE AL F 2% ~
86 2 1 B, ¥k JiE 5 v i L B AK OE B E R 4R T s s 6 s e 10
T 2R e B2 R T S Yo B, Wk 3 5 9l B 2 ) 3R (RFEVV-100%)
Lt R, T ILLEG S5 R 5 BS54 o B A — B2 A5 A v 3 e B i 5 2 TR
B, R, EBEAE 296 ~8% X 8] N #E— 5 gh ik 4
Wy B A B L O N o Lk B L S ER B HE an gk 2 By PN
TR. FIFEIRAGME 54wk ER R E, A 2 SR 2 Fr A Bl 2 % ~ 8 %% X [a] PN I 2 g
X1 FMEESRENXER
I3
N 0% 2% 4% 6% 8% 10% 12% 14%  16% 18% 20% 2l 217y
S IR K
B — UK 3k B 3 0 14 138 233 342 454 489 514 525 566 577 698
B U 0 16 128 237 340 433 481 511 539 560 560 696
B8 = Wl 3 0 16 130 229 348 420 470 505 533 549 572 699
S H(E 0 15.3 132.0 233.0 343.3 435.6 480 510 532.3 558.3 569.7  697.7
X2 FPHMESRENXR
Wz
- 1% 2% 3% 4% 5% 6% % 8% 9%
SEHT IR
B — VR b B ) 4k 11 16 61 125 181 243 297 339 410
B VR B 4 8 17 70 111 178 240 275 349 415
55 = Uk P BE R 7 14 65 128 173 228 289 345 409
A 8.6 15.7 65. 3 121.3 177.3 237 287 344. 3 411.3




WS T Vol.33 No.l 2023

HATHA - 2 il b o it 4 3045
y=550—97.8 Q2<x<8 O
oy S AR o Sy Hv B T 15
Ty =55C —97.8 (2<<x <8 (11)

X (1) 3R A J R R
czémwg +1.8 (12)

R ADMRAR O B[R F Y B R LS H
T ) 56 A 5

2
D= fﬁ”) - (13)
161 % (ETM +1.3
Horh o KRR R =27, ¢ R BEFE
1k fii 19
3025+°

(14)

T80 X(Tyy +71.5)°
1.2 UF{/EIHAR
HELSHE S 0T L, W R A R RS A R
TP R B O B LB e R . IR, EEIR
O P44 55 2R B0 RT3 e 0 H A VP A i ok S
B AR LR T AR SR A — Tk
JEAL A LabVIEW JF & F 65 0§ 805 B0 &2
BeE L B R BRI 3 BT R AR R R AL
JRES (12 ) VB SR A R KA A 7 BL R G S
. 12 AR B AR A TR SR . B
i R AL T S AR T0 G e KR — RS
KRS RAE— D EHR N 20em K T, 12
ANk AR RS R OAL B I C = AL R R B T
A B de /N FUAH A8 T ok e e e ) — [ R I
PRz J s — AR R, R B D, E ML F iy AL e
FR 2 R B BE G H R T L g FR 2
S IR BRI KR M AR IR AR FR 22 Sk 5 D
SERREE . BRI (R A DB AT R AR
AR . YRR O AR A TS,
FRINARS

FLEER SRS

FEAEA

3 i A Bl e i R R A

LI b R AR I i b i b AT LR ) o
A HCEL AR [ B I 000 i A 32 R 3 81 A ok 32 5 90
LAy B LR G, — s WA S o T AR
SE 5 I SIS B0 A SC B I S e 4 2R

2 REMKIH

ARG A% B UL 4) BT 6 R AL 45 - B R 4k
A DRBE AL RAY OKAE A SR, TR C
EE WG WAL ER)F A LabVIEW
it E VLR,

(b)
P4 Ca) T Ch) 5 36 3% B8 Ay 2 L AR R R A

2.1 HIEFREEHR

ABEHF ] STM32F10X £ FF % M i 17 1% 31
(UL 5) o JF A A ph A4t F A e s SR SE RSB D 12
Aok A TR e o 2L A LA RSO HR A
B 5Ca) FE 5(b) K STM32F10X B I %& Hr i9 H
HE S s BB B AL I R AR R
()3 11, BEIS T B AR R W& . K 5o FE 5(dD
FEAR SOV T B SR SE R B R B ] T R S Al 25
K. B 5Ce) M R B SL Y I .

FIH C il g 'S Fdl R AE B B BT
Ry {5 R e 25 R R B AT S5 B 2 T RS IR B
LA RGCR LR P ¥, BARE A LU IL
ADTIRERLHL . P07 b A AR e A% JBRER A T A e L AD %%
AL B &k / H SRR R R AT
2.2 HELRSE

T8 A SRR S R Ol A T B RV VR Y
SR TN 2, 285 FIWr s W py Pl BE ./l T B
B R AE o 38 W 7R B A BT R O H AT A I,
NG TR R A B e 28 i A B s R AT AD F;
o A AT B AH R A BE N A, A% E I
AL AR (WL 6) By RS TSW-30, %15 IR 2%
ELA W R R] (<< 500ms) I Y8 LT (0 ~
1000NTU) Fll ik I ¥R 58 4 3 ( T A/E WL . — 30~
80°C) FRE A .
2.3 EENMERESFHA.

ASCH ] LabVIEW JF & F 4 3% ) 5256 25




/

W5 T Vol.33 No.1 2023

srurne T ™

WiEH

I
i
h

8588888

o

-

\
%
B
8

72 4 6 8 10 12 14 16 18 20

v/ v 100%
< C G Co R 1 o

EEREAT Sl 13 a1 (19 (eos [0 | ses

n “ » =] — ;0 SRR a1 s e (00 D10 0000166

Ew W W 187 1% 00 : " 000308

» 0.000566

= 2\Y LYY 5 n n ) ™ “ © pe

m.u.u}(‘vt‘y ?F‘g WORU 16 1M 166 W 0
SAAEY

s

[ 5 STM32F10X 5 ¥ 3% 57 A 4 e vy B (8] Al
LER R () ~ (D L RS E () ©

o~

—
.« 8

. Y
B gy

LT ELLLL]
ddddddaddds

0 DR DR SR SN CAR TN £ A SN
B % 5 5 8% 5% %858

koo o
1)

¥

I

B 6 TSW-30 T JiF 14 g 28 1 52 IR A e

(d)
B EAALRG . ARG S A SR W7 E L

i (7 Ca)) B W A 1o BT 7 (b)) R S 56 412 5 (o FRrHLE S8 R s (b SR W 7

B (E 7)), B 7T(DRRRENIEFETE ., (O SR H 5 (D FIFIEFT I

Sk B R PR P AR SE I T R A s A A

{5 B, —Jr mic st & A5 B, 5 — 7 1 o AR e ab FEAE T RE S U0 R A I 2 R I R
S0 R MO A . B ) A T 3 5 A ok A LIS EOM LI 25 5, e 22 A L S s S
TR EUE R 2 S A )T 5t R0 B B4 I fE



Y5 T Vol.33 No.1 2023
F4 ZWEIE
3 XRSTBREHELE /&
1 2 3 4 5 6
0
(1) [k #s b A 2. 351 ZE 48 /K Citk I ¥k TR M 285.8 285.8 281.8 282.3 287.3  280.3
Ot T2 A% IR 28D, 8 S0 06 256 8 5 A i e T r/mm  100.1 100.2 100.1 99.9 100.2  99.8
LT AL SR IR, B3 B AL R G, TR 10 t/s 3600 3600 3600 3600 3600 3600
(2) P BUAGE R TE ERLR G I, N T
1o mE an ks B9 ;
(B)FZ‘E%@%E}\DJJW\ 150mL Hy£E4: MUE  284.8 284.5 284.8 285.8 288.0 284.7
751 27> W E T U
ﬁﬁiz’{%»wktijjt}“ﬁii’j:j}é,:H\ﬁli%‘z)}fi%gz&i?ﬁ(ﬁ r/mm  100.0 100.1 99.8 100.0 100.1 100.0
M ZR DI DY) o [N L (7 1L S0 T3 I 45 t/s 3600 3600 3600 3600 3600 3600
(4) MEL AW AE K PP BB 5, 0T i 4%
K F| 3600 FPEF B AL A B 45 1k R 4R B | 7E B
W0 S T s B R R 4 TAHWEESH
®3 FAEAMETHRENZE
; 4.1 NBETRERELAHEESN
WE RSB BN 1 szen
Y8 Bl OBIE BRIE M ) o ®
RV N R T % oy BRI N
1 289 246 311 297 285. 8 -
2 270 254 320 299 285. 8 A=¥x1oo% (16)
3 267 244 315 301 281. 8 A B o
A 67 a7 216 999 282 3 Hr,A ﬁmﬁm%ﬁ‘,‘” \jziﬂifﬁiwﬁ‘/ﬁm‘{ﬂﬂg”
- ra 956 293 906 287 3 PIEL.T, jﬂ@ﬂﬁﬁ’ﬂffm/ﬁ{%m%%{ﬁ;
A e T Y 5k E B
6 269 252 311 289 280. 3 4.1.2 \E’HWT@EE?;E'JEE#%’?% N
1) I 5 o 52 1 S o | N A s 1 AN
7 276 254 317 292 284. 8
8 265 254 326 293 284.5 %5 REZ 100 NTU ) Formazine
9 270 249 322 298 284. 8 R R DU 2R
10 268 255 319 301 285. 8 AR . ) , \ - .
11 273 253 327 299 288.0 o 0 ik
B 98 98 98 99 99 97
(5) WD ok 3 OB AR AT R Bfb T A X W
(L) A5 4 0 5 BUR $ D, - T8 v o TR
D — EOZSFZ - —8.28 X10 'm’/s i 98 98 98 97 98.0
8 X (T g +71.5)°
(15) LR A BT YA B b o D 22 R
(6) XF & G5 i 22 A o 5 S 947 R o e " ,
, D, — )
AR S(z) o —0.2NTU A7
N . x) = =0.
(7) ¥ 5206 45 B f A b A7 AL S 58 1) 4 5 1w nn—1)
TR ER . ZFESADNBMANLREE RS TSI A 3 VR BB A (E R I 5 R,
AT ML S AT X HE s A A R 3R U(T,,,l):S(f):o.lNTU (18)
SRR N
(8) SEUNZE R 1 L2 S5, T FF AL RS e 2) AR I3 B G b A B E S
RV 5 B 0 T Tk AL 7 DA A R o B AT 751 AR 5T BRI INTU, B 51k i B R e 22

IR R R PR TR R A KR T U T v

0. 5NTU, R I 2] 4345 AL 5 B F £ =1/3

N




|

W5 T Vol.33 No.1 2023
K k= S TN = [18]
UT,o =22 —osnty  ag 422 BREEABmEET
V3 BUB(SHEE P =0. 683, 4% 52 5 {Y 7§15 2% Ik M
3) UCT,) BIAHE B Y51 A we 3 U B AR E R
U(T,) =U(T, ) +U(T,,)* =0.1UTN UP(;>—£:E%0.3mm (32)
(20) BB
4 UCT ) BIATEE N U, (z)—A—zlzo.ess (33)
M Formazine ¥p fE % WE 5 7] 40, ¥ )& K 4 33
WY k=2 H R 25 M Ay =0.03NTU
0 Ay 0.03
Uy =100X3% ) onru o Up (T ) = 5 5 ~ 0. 02NTU
4.1.3 RBEH (34)
= _r 42,3 EHENBMARRERBEE
__ ; 0
A T. X 100% (22) UG) =JU,(H>+U, ()" ~0.3mm (35)
cl:i:%:o.omwuﬂ (23) UG =JU, ()7 +U, () ~ 0. 6s (36)
Tm S b) 5
_ U(T ) =VUA (T )" FUp (Tygpe)”
C, :TA:—;“; ~—0.0INTU ' (24) ~ 0.7TNTU (37)
S s 4.2.4 T HEHHHEMNLABEES
4.1.4 MUEEHGANERIEMIT. EARZM, FFIL

BN RERENEERTIHEE
C'UT, ) +CiU(T$? ~1.5%
(25)
4.1.5 EXEPELHF.REZEATEER
BEEBMEP=0.95.k=2, M BABTEE
U, =k Uc(A) =3% (26)
4.2 MY HMEBEHNELERIHEESHT
4.2.1 AEREFHEE"

U‘Azz,)su)=fpjn(n11>l§1]<1-,—1~>2
270
ARSI B YKL =11, AR A P =0. 683 I,
t, ~1IERZHEEH B h, — e, =1,

o 2
UAu)NJn(nDE(I ) (28)

U.(A) =

U(r)NJ 71)2(1 — 7)) & 0.04mm
(29)

1 Q o
UA(T?MX')NK/H(HD,Z])(IJJ) ~ 0.7TNTU

(300

UA(t)~\/ _DZu —2)' =0s (3D

X 2K (13) 15 31 O BT I 853 15

_2
D — L 30257
87 X(T gy +71.5)°
InD =1n(30257°) — In8 — In(T s + 71.5)°
(38)
D _ 2 (39)
r r
lnszi (40)
t t
b2 (41
WU Xof 7S 1 B Sy
UE
D

2

i g
2 21 : 2
JEu) ) ()
2 .
=0.7% (42)
4.2.5 THABHNNELERTIHEEAN
Up=D X0.7% =0.06 X10 "m°/s (43)
4.3 ST HRERBNEELERH
D =D +U, =(8.28 4+0.06) X10 "m*/s
(44)



WS T Vol.33 No.l 2023

ARICHEEE SR SES . KIYE
PR S H A W R PR S R R e ] 6
ROOMESH — 2R B BN 2% ~8%) HikY)
BRI MY BRSNS R, T
W, BT I &t — B JL T ol R AL R AR
LabVIEW i EF 5 P 8 R S0 s 8. DLk
WHAE K R 8Ok ) FE AT E I L T OT R T 45
RO E B oy A e AR AR e = IR T 1L
ZEH M D=(8.28+0.06) X10 ‘m’/s,
AP HFR B e B LA 45 H TR B B AR Oy E D
BCAS AT B PO RF A, S S IR B I R T
— BT T IR R A

& % x #t

[1] @2k, RAOEmBERFY LB B R E SR
R LR T 2B on BT, ReEPy s, 2018, 31(3):
112-114.

PENG C L. The reform and exploration of modular teaching
in physics experiment of private university[ J]. Physical Ex-
periment of College, 2018, 31(3): 112-114. (in Chinese)

(2] 2, XNk, RRE). mERE R R e s Aot
HEI]. #2021, (8): 109-112.

LI W, LIU HT, YANG H J. Design and practice of flipped
classroom teaching mode in advanced mathematics[J]. Jour-
nal of Higher Education, 2021, (8): 109-112. (in Chinese)

(3] DU, BAEE, MMEws, &, BRGNS0 i LA L
IR EOR T ]. R , 2021, (3): 100-102.
LUO J M, LUO Y X, DENG D N, et al. Discussion on the
reform of the theory course teaching of engineering specialty
based on arousing interest[ J]. University Education, 2021,
(3): 100-102. (in Chinese)

(4] FRTWE, AI5HG, FEH, . 50T 8% S0 AR Il 52 56 2o Ab 3
WFRIT L] KB, 2021, 40(2):32-35.

ZHENG X L, LI Q M, WANG T, et al. New discussion on
data processing of Millikan oil droplet experiment[ J]. Col-
lege Physics, 2021, 40(2): 32-35. (in Chinese)

(5] #h/. B, fTBEl]. 2T LabVIEW iy k2% 4 B 50 55 30
FRGT]). WHYE, 2020, 40(6) :48-52.

SUN X F, XIAN W, HE X M. College physics experiment
teaching system based on LabVIEW []]. Physics Experi-
mentation, 2020, 40(6): 48-52. (in Chinese)

(61 kW, g5, w/MVl, 2. 3T Matlab #9806k 980 52
B[] YBSE . 2016, 36(10): 1-4.

ZHANG G, JIAO Z Y, HUANG X C, et al. Measuring the en-
velope width of Q-switched laser pulse based on Matlab[]].

[7]

(8]

9]

(1o0]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Physics Experimentation, 2016, 36(10): 1-4. (in Chinese)
WA, B, T Unity3D BOEME ARG 0 D7 252 56
(1], 3L, 2020, 40(6) . 53-56.
XU Q X, TANG F. Virtual simulation experiment system
of grating self-imaging based on Unity3D[]J]. Physics Ex-
perimentation, 2020, 40(6): 53-56. (in Chinese)

AWM, AR, 210 2R, AR IR S 50 4 A5CHE A 2 ok R P
GAF]. P35 T/, 2019, 29(3) . 55-58.
ZHU X M, XIANG W M, JIANG X D. Data processing’s
improvement and image analysis of newton ring experiment[ ] .
Physics and Engineering, 2019, 29(3): 55-58. (in Chinese)
E—A, RO PR S N R A A IR EELT .
Y I, 2016, 36(7) . 36-38.
WANG Y Y, MA F X. Electrical property of vanadium ox-
ides films prepared by reactive RF sputtering[ ]J]. Physics
Experimentation, 2016, 36(7) . 36-38. (in Chinese)
FESEAE, AR, FESIh. 0 A 1 AL A R R S ke
BB S M), R Y BSE, 2018, 31(6) . 25-27.
TANG X N, ZHU H M, TANG X D. Design and Im-
provement of experimental facility using capillary method
to measure fluid viscosity[ J]. Physical Experiment of Col-
lege, 2018, 31(6): 25-27. (in Chinese)

VIGNES A. Diffusion in binary solutions. Variation of dif-
fusion coefficient with composition[J]. Industrial &. Engi-
neering Chemistry Fundamentals, 1966, 5(2): 189-199.
SHAFIKHANI M, CHIDIAC S E. A holistic model for
cement paste and concrete chloride diffusion coefficient[]].
Cement and Concrete Research, 2020, 133: 106049.
AR N TR AN A R AR DN O R B T S
REZ AT ], PHAEHE, 2013, 62(9): 094206,

LI Q. PU X Y. Measuring the diffusion coefficient of liquids by
capillary imaging method: FEquivalent refractive index method
[J]. Acta Physica Sinica, 2013, 62(9): 094206. (in Chinese)
Bk, BEE ., KREK, F BG4 8Tk &
HRIEWY BRI RAHOL, 2004, (2): 99-101.
HSE, R, WIS, G A A Wik AR R AR 1 R 5 05 5.
RHLBEFT, 2010, 32(4); 136-138.

ARLLA. CMM ROF i N o e BB 597 J7 (D], &
. AL Tk K2, 2015,

o W, B R B 2 8 A 80T il 23R R ATHE [T,
Jhim 2, 2019, 40(2) ; 347-352.

CHEN L F. The further discussion of the range method in
the type A evaluation of sstandard uncertainty[]J]. Acta
Metrologica Sinica, 2019, 40(2): 347-352. (in Chinese)
T SCRE, BRGNS . AU, S JT R W VRMR TR R O O
ERHE I T]. Tollkit i, 2013, 23(4) : 64-65.
TENG W S, CHENG Y J, TENG Y, et al. Uncertainty e-
valuation of liquid flow standard device for static mass
method[ J]. Industrial Measurement, 2013, 23(4); 64-65.

(in Chinese)



