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Research on Drag Reduction Characteristics of HTAB in Solid-Liquid Flows

SHEN Zhenghui, CAI Shupeng, DAI Jie, PENG Shaofu
( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: For an investigation of the flow characteristics of solid-liquid flows with HTAB, with stainless steel
pipe with a diameter of 10 mm used as the experimental pipe, a research has thus been conducted on the main factors
affecting the resistance characteristics of solid-liquid flows. The experimental results show that solid mass concentration
and solid particle size are the main factors which affect the resistance characteristics of solid-liquid flows. By changing
the solid mass concentration and particle size, the effects of surfactant on drag reduction characteristics of solid-liquid
flows can be observed. It is found that the friction coefficient increases positively with that of the solid mass fraction
under the same surfactant mass fraction and particle size. Meanwhile, the friction resistance coefficient increases
positively with that of the particle size under the same surfactant mass fraction and solid mass concentration.

Keywords: solid-liquid flow; solid mass concentration; solid particle size; hexadecyl trimethyl ammonium
bromide(HTAB); drag reduction characteristics
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Fig. 1 Schematic diagram of the experimental apparatus

P 1 IS s 345 R e R FH A 2 58 X B
WOFRF R G, KA T IR T 3.95 m &b, 78
SEOKAE ECE AL R R, LR (kR s T il
TR KT RS B 8 B I 2, DRHCR A 1
Rt s, iR T. [WAE, fERK
Farp e T — MR B O T ORIIE K AR
TR AN AR SR PR BE Y TR IE R, AR KA
WY — AN, A K EURG A AR IS
G350 25 cm Fl 40 em. SRR HATIE ¢ =40 mm
R =N AH (polypropylene random, PPR) %, 7K
PO =10 mm BRI, I U SR 220158
SO B vy s

AR S A P 098 2R T TG P ) D oS e i = YRR
fb%: (HTAB) , Jf H.LA NaSal A{ERESE, HAEHE
153 HTAB MR &5l TR e . Bk, WM—E i
() HTAB 5 °F 7 2 T NaSal, ¥ Pi & 7E 5 b5 7843
RAWSEEIA 50 CRRAK S, Freey5HiteE 30
min, B EECE BRI A PORY) 58 VA 1 S
AR BE IR R RE R, DR T A LB AR AT P AR K B 7K A
o, TR A A . FRE RS BT
WEIAFRER T . R, SRR RERRIR S
W, EEIE BART AR L. e, HIEOR
WA HHE 6 ho BRI FETE 12h 5, FAFK
R, TR T PR K A R B 58 A 2R
W3 EABURMIABL B #E AL 110d (d K
SFEIEEA) AL, KB 110d 55 210d Z A
PR ES 38 VAR K T R T R,
I I PR I P i . NI R SR



70 i = R B |

NS

2021 4

FEVERITE 25 °C, 33k e YR o (AR ) 5 H
FORDRAS , DA R 00N AT RRRE s, PR 5
SIRAE ST BT KA T R T

3 SRR NI

3.1 MXBRAXSHMEXRITE

L RO B AR 2E TR, AT ASRAG I B
ME2E AP, BIINKERRIRL S . FREC Re TTARFHS
FHOA, VLR w o3 i PUR 2208 CEG R

Re=uDl/v, (1)

2 =2APDg/Loir’, (2)
J,=2APDg/Li’, (3)
u,=mjo.St, (4)
u=m/St. (5)

K (1)~ (5) P w HRGEHFHRE, m/s;

v R KIE SRR, ms;

D A RGEMAB R, m;

AP B R 22, kPa;

g HE SN, m’/s;

L WZRGIMABE K, m;

A N RGBT R 1 R 5L

m R 25 R e AR W P AH R T i, ke

SOMEEMIER, m’;

o, NRFECTHEREL, ay_y 5350k [ A0k o
BE R 4%, 8%, 12%,16% [ ECITHE R, BUEKIK
1025.4,1052.1,1080.3, 1 123.6;

u NUSINHTAB TOU T, [ 78 P AH 3 0 P-4 30k
m/s;

w, AU HTAB AL, [ 6 AH 3 B F- 2
W, m/s;

Ay U HTAB T80T A BEIRH 1 25

do ST HTAB 100 B EESEBH ) 22850

Re (115, J2 38 2 PR 3 AR A0 L o ok LA RS ) 7Y
Jr AT AT T ORI, AR SC I AR R S R
FERIRAR TR TR

Ay FI A, B TEAR, R Al Ao 7 S 2 i B
R EZETFECAP A, W AR E R AR, A
HTAB 100 N TR R 5, DL E )
B RS, FARIE AR A ME.

uy A wy VTR, T 5 R 3 A R A R A T
) 4 o 5 R S B ), AR AR A AR AR T A T
L IFAEBINHTAB T.00 R i3 L T i R 5L,
e AR A R AT R A5 w i
3.2 HTAB i E X B2 9 34

TE VW 53 3 S 0 BT 12 23 80N 2%, 3%, 4% 1Y

HTAB, #£%% HTAB ¥ XS BOSLRAg2m, Klh
(R T B TR BTk, AN TR BT 40 5 HTAB %
TR RE B RE ) RS B SR R ANTA 2 B

1g
E itk
+2%;
—x—3%;
01F 4%
F—virk
0.01¢ \
0.001 PSSR
1000 10 000 100 000
Re

B2 HRINAERENEH HTAB BiENEZEB N RS
Fig. 2 Relationship between the friction coefficient and
Reynolds numbers of HTAB solution with
different mass fraction

F 1] 2 AT LR IR, s P AN S T T O G,
WS EING) HTAB ¥ W0 i 0 506 ¢, fE/NR i
4 000~28 000 T T, HTAB AV FERE 1 280
S RBdEALE . (R 2 )5, MG R ARG R,
HTAB 1 I EEEERH ) R AR B AE K i gk
B K FAE Re, 7, HTAB B FHLE ((,-4)/4,) ik
I KAE, WIS BHIT AR B BE 3 Re 19 5 K FHE ) Y5 1]
FRoR 52 AU B DX 5 38 R K S I B SR Y A (L3
K, WEBHAR)N, ABATISR/INT A — T A L0 T IR K
e, BTSSR A WHACR , (B2 5 2shfiE g
ARSI, DBHACRB I, IR S K RS
B RBM A E S, s 2 TIBHRCR . 2R
K2 T/NVE T, R 1A T2 i i ik
FEWRET, HTAB KB T 2Z 1855 75
BN, AT ICBHAR A s, 2R RInEBUE R,
IR T Z 3 U1 g ok, ik FE U E (CMC 1)
B, AR ZE G p BRARGEF AR B T HRHUIRZE ) o Uk
IS, KAELIIFRIR I R R iz 3 21 2808 B SIS
(BYYIASEsR ) U R AL T K BER 2
(BPog 4 g fHIX B D) o (HE@ s iz s, i
RIS IR P B VI 45k eR , 23 HTAB
VESTRLIY) A 2O ) V5 790 ) R R By RO R i, IR HL
LR B AR5 7K R A I B AR T L — 3

M3 A AN [A] J5T o5 43 %5 9 HTAB 98 BH th £&
Al L EER], HOR TR Y Re, fH, HTAB ¥ 1 (1) Ji
HECH 2%, 3%, 4% BF, %R R K SHE 5 )
254 26 000, 31 000, 37 000, 7E5E4UPHIX, WBBH
RO B R IE A OCOC R I, R R IA 1 J2 it



553 4 IR, %

HTAB 7E [ 7& PH AR A A8 sk B A AT oY 71

WY K, RaiRSETER . b 3 FioRTE B

BB HTAB 35 WAE 8 21 fie K AUE Re, T X R

BOMERT, JEH ST virk (HRRBHENITZ: ) Mk .
1/J1¥=19011g(ReJI)—3240

3.3 AREEERERER E R A HERABE S5
EENER 25 CTAT, R 4 Pl &5
B (4%, 8%, 12%, 16% ) , HEEL 3 FhAS [ () [ {4 ik
Kife (>74~124 m, >44~74 m, >34~44m) , FAAG
T HTAB 5 9 4 198 P AH 9 T 00 -5 W8 i 5 4t 20 350
4% 1) HTAB [ P AR 3 T80 T rili A5 i B JE 2250 4
FEEE w HEATREECAAT, A5 2 BRI AHTE A A w 9748
fbHhZE, i 3 14 fis.

0.036 8
—e— 00-000;

0.034 5} —m— 04-000-124;
—e— 08-000-124;

I —a— 12-000-124;
0.0322 —v— 16-000-124
0.029 9}
<

0.027 6}

0.025 3}

0.0230f

0.020 7 " " " " "

0.5 1.0 1.5 2.0 2.5 3.0 3.5
u/(m * s7")
a) Kifgh >74~124 m

0.036 8
—e— 00-000;

0.034 5} —u— 04-000-124;
—e— (08-000-124;

0.032 2} —A— 12-000-124;
—v— 16-000-124

0.029 9}

<

0.027 6}

0.025 3}

0.023 0}

0.020 7 L " " . "

0.5 1.0 15 2.0 25 3.0 35
u/(m * s7)
b) kifEh >44~74 m
0.036 8
—e— 00-000;
0.034 51 —m— 04-000-124;

—eo— 08-000-124;
—a— 12-000-124;
—v— 16-000-124

0.0322F

0.0299F
0.027 6}
0.0253F
0.0230F
0.020 7 ! ! ! ! !
0.5 1.0 1.5 2.0 25 3.0 35
u/(m + s7")

¢) kifely >34~44 m
3 AEHEZERERARRPENREYS
IR HY K F B 2
Fig. 3 Relationship between resistance coefficient and

velocity in solid-liquid flows with different particle sizes
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Fig. 4 Drag reduction characteristics of solid-liquid flows
with 4% HTAB of different particle sizes

4 JEW I HTAB T80 F S RMEL, JSLatpr
et P A Y- 35 R 8 BE T R B R wy 5 4.
& 4 W1, 47N HTAB R & MRS, B M
AE U T 00 A5 ) JEE 482 BH 07 7R BB N i HTAB (1 [
YT R %) E AR BEL ) R B/ o TE A RS 0 B 4 4
(4x107) HTAB RIS SHF AR ORR A 00T,
AT DA RIS W EE 452 B T 3 B A [ A s o o ¥k
FERE ARG R . 7RI TR, AL Fim it ek
TSI T ZETAPIRAS , TR i 52 1 35 U1y 7488
AN, TRAEVE R P OGB4 A Az shiehs . S R
HAAWIG I, AP Z 5PN 3R . iR B — I
FUEIG , DB RS I B ARG G K, JF K
SR U F SRR o 1) HROIR B A A A . Y T A 2 K
J&, KEMHCREHRTFA 2 g8, 30T SIS B
W ZJa, REEKIE S u, (8, FRAHEEET R
HOth 26 537K B BEEERH 01 R R EEAS AR R . [R)RsF
IS, I ARSI JoT e VA A MG R S i A e K
5 B g BERT IR, S0 AU BH Xk 2, 5 I A
FEALIT 3D 1) BRI, 2) Rk
ORI R A RE A0 R o A RURE () Joit F ke B 3 25 =
SO AT R U RS SRR RIS £ 3) [
PRISURL R o [ ASSOR BT R ISR, B
TR P UK A BRI A DL R A RE 0 B R A A A il 4
HIHEE I
3.4 RIR KN i AE A R BE 2 M

T B TR 25 °C, R 3 B R4 e
(4%, 8%, 12% ) , F-¥EHL 3 FlAS [ 1) [ 14 0k R
12 (>74~124 m, >44~74 m, >34~44 m) , B AT
HTAB 7 R P AR G T80 BIri 75 (4 BELJE 2250 4
L w, HUSIBTEECH 4% HTAB /9 [&9  AH

T T BrINAS  BELJE 28 504 R w BEA X EE 20T
PRI A (EESERH T R 800) Al CIRTE ) (8]
R METRL, XA RATRE TS, S
T SCIRHTSC o PR AR AR R/t = T 980 14 AT IAL 1 Dk L
Rt R ok BT LA R BORE IR B A S, B LA
A A (BRSO R B0 e ORI ) AECE G R,
I FUALAT 4 AU RIS /R ER AT RUHEWT DR
451

1) FEAHTR B0 . [l (A ORL o e B2 T 00 T
M 2 PR [ URE AR, 2K IR 1 0 TP A 78 T
{5 BH Ty 2 BB S I e [ AORE AR A 384 T R
I AR AT 2 7 309 PRI AV T T A A T JEE A
DI TSR is g, LRI, [0 AR A ),
D AR e ) 2 B s SR, R MG A
LI RE B/ o OREAR BORBOR B Wik, [ AR
R 25 LIRS ot i) 7 A T4 16, RAR 5 T AR =2 1)
FAEE — B, R e 2 he
Tl 5FE RE fE LA [T (AC0RE 15 5 BE BE TAT A4 JBE 45 401 FE
BRI

2) TEAR ] A [ AL BT vk . HTAB ¥ 5 LA
FeE TOUT , A0 BE S5 BE T AR BB [ PRk
TR RCTIIE A . TE ARG DL T, BASORRL
AR M A R P A TR PR A B RO, T R A
TOUT, BYBOR, SRR P v, $RATALE,
AR e il BHL X 30l N o 2 ), B d A AR S
4w ISF I M FE w0, FIBH AR 2 i KA
ZIR BRI R S BTSSR, (AT
SRNT IR AR, JRHAEHACKE . ST hE
JEUA, — AR [ AR, B R T 00T, ik
LA N UKL B K5 H A SRS R GERY R TR
DN BN IS [Fa) PRy AR 5 R 22 0] 4 A A 55 Al 43
B s in, SEEEESSEI; IR EA S
FHEAE ARG R, 3 B 5 AR Lz S B S R
BFEIR,

4 e

SGIEU N s | DO RT- ) D& IR N A et 44
HTAB sl B 9 [T 7 AR A T 1 U, BIFSE P L
B TEIA TSR J5 St 43 B5ORN [ A SURLRE A28 K/ X T
RV B R, 58 00F

1) FEAHIR] 4 HTAB Jit 23 BOMI [ (A ORDR A2 T
DUT, Bl [ ARAIORL i 0 S, B 4R RH ) R %
IR o T AR5 e B A SIS A AR I 422 T 3 5
K, SEUIR SRR BEAT, AR 58 il BH XS]



553 4 IR, %

HTAB 7E [ PR A A I AT TS 73

I LIP3 4 JBE ) 8 e 2 3 S A AR A £k 55
ek, FEELIEKR.

2) TEAANF A HTAB J5tist 73 5 [ (A 0k 57
JETOUT, B BABURDRAZ RIS S, EEAERE ) R 2L
BEZ 3G o T ATORE PR RAR R AN 2 e e At
AT AT BEAE frik i A R AR B 2 B e .

S 3k

[1] REM, Bk, XIBRLL . K TP AR P A

FARShF1 (M) JEat: H EDKADKH R, 2007
1-6.
WU Yulin, TANG Xuelin, LIU Shuhong. Cavitation
of Hydraulic Machinery and Solid-Liquid Two-Phase
Hydrodynamics[M]. Beijing: China Water Power
Press, 2007: 1-6.

2] A4, 5k ik, £ 4, SRR XK JIHL
BEA R B Dl M BB A 52 A (9], Aol T RE 24z, 2018,
34(22): 53-60.

LU Jinling, ZHANG Xin, WANG Wei, et al. Effect
of Silt Diameter on Abrasion Performance of Hydraulic
Mechanical Materials[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2018, 34(22):
53-60.

[3] A3CHE, MHE%E, REMR, % BT CFD ENEFIAH
BLO I N AR 8 S B BT ST (7], YL BT R =2
M, 2017, 33(1): 46-52.

LI Wenfeng, FENG Jianjun, ZHU Guojun,
et al. Investigation in Internal Flow and Abrasion
Characteristics of Solid-Liquid Two-Phase Centrifugal
Pump Base on CFDI[J]. Journal of Xi’an University of
Technology, 2017, 33(1): 46-52.

[4] BHE, SAWE, mET, & BRI R
FIEUE AT (7] SEAHLAL, 2010, 38(4): 18-22.
ZHAO Xinxue, JIN Youhai, MENG Yuqing,
et al. Numerical Analysis on the Erosion of Cyclone
Separator’s Surface Wall[J]. Fluid machinery, 2010,
38(4): 18-22.

(5] BRA&EH, HF . VR IR s B (0], A
AL T R4, 2004, 17(3): 76-79.

ZHAO Zhiyong, DONG Shouping. Application of

Micro-Grooved Surface for Turbulent Drag Reduction[J].
Journal of Petrochemical Colleges and Universities,
2004, 17(3): 76-79.

6] 25BMS, t5 Ak, FE)IAK. 15720 CTAB Rl
P 5] o BEL 7K I T8 i A P (D). 0ol 2008,
40(2): 250-254.

CAI Shupeng, YANG Lin, TANG Chuanlin. Turbulent
Characteristics of CTAB Surfactant Solution Flows
in Turbulent Boundary Layers[J]. Chinese Journal of
Theoretical and Applied Mechanics, 2008, 40(2):
250-254.

[7] ZEHMS, 25K . CTAB 21T M 300 /K 1 1 ol BEL 4
PE ] A T AR A 4R, 2006, 19(4): 68-71.
CAI Shupeng, LI Damei. Behavior of Drag Reduction
for CTAB Surfactant Aqueous Solution[J]. Journal of
Petrochemical Universities, 2006, 19(4): 68-71.

[8] REHAGE H, HOFFMAN H. Rheological Properties
of Viscoelastic Surfactant Systems[J]. The Journal of
Physical Chemistry, 1988, 92(16): 4712-4719.

[9] BEWERSDORFF H W. Drag Reduction in Surfactant
Solution[C]//Structure of Turbulence and Drag Reduction.
Heidelberg: Springer Berlin Heidelberg, 1990: 293-—
312.

[10] SAVINS J G. A Stress-Controlled Drag-Reduction
Phenomenon[J]. Rhelolgica Acta, 1976, 6(4): 323-
325.

[11] DEBYE P, ANACKER E W. A Microscopy Structure of
Surfactant Solution with Salt[J]. J. Phys. Coll. Chem.,
1951, 5(5): 644-647.

[12] HOFMANN S, STERN P, MYSKA J. Rheological
Behavior and Birefringence Investigations on Drag-
Reducing Surfactant Solutions of Tallow-(Tris-
Hydroxyethyl)- Ammonium Acetate/Sodiumsalicylate
Mixtures[J]. Rheologica Acta, 1994, 33(2): 419-430.

[13] MYSKA J, STERN P. Significance of Shear Induced
Structure in Surfactants for Drag Reduction[J]. Colloid &
Polymer Science, 1998, 276(9): 816-823.

[14] SAVINS J G. A Stress-Controlled Drag-Reduction
Phenomenon[J]. Rheologica Acta, 1967, 6(4): 323-
330.

(WAES: BAIR)



