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Non-contact submicroliter liquid dispensing system
with parameter adjustment function

SUN Li-ning, LIU Ya-xin,CHEN Li-guo
(Robotics Institute , Harbin Institute of Technology, Harbin 150080, China)

Abstract: An non-contact submicroliter liquid dispensing system with parameter adjustment function
was developed. The system used a solenoid valve to control fluid flow to realize the noncontact reagent
dispensing by opening and closing a valve and altering opening time and flow rate. By combining the
advantages of non-contact solenoid-based technology with the robustness and flexibility of traditional
liquid handlers, a novel high-speed flow MEMS sensor was proposed, it is characterized by robust-
ness, repetition, flexibility and low-volume dispensing for samples with different properties. The ex-
perimental results indicate that the dispense reproducibility (Coefficient of Variance, CV) of the pro-
posed system is lower than 3% at dispensing volume of 1 pl.and approach to 8% at dispensing volume
of 50 nl, which can satisfy the requirements of dispensing submicroliter reagents in different viscosi-
ties, repetitions, flexibilities and reliabilities.
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Fig.1 Scheme of dispensing process
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Fig. 2 Appearance of module and its inner structure
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Fig. 3 Scheme of pressure regulation
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Fig. 8 CFD simulation of reagent dispensing process

WG AE B TR - RA— 7 A 3 HE Mg I e
Ui R T BSR4 3o A S A AR AEL 3 A B T 7R

Inlet
velocity
u

Dispensed
droplet

P9 W 43 BC i R AR 40
Fig. 9 Simulation of drop dispensing processing

from a nozzle

fRan sl 8 & 9 Fras . 4R I FT IF B K50 DA aE
IS o 30 0E S P T B I AR
0. P H R A Sy WA TR A R A
15 B 3% ] FLUENT ) VOF (Volume of Fluid)
R AT (5 AL . AR R AT sl 45 ) AR AT
K N-S i,

WA Sh I AR Z LR 4 Bl 78 . Ak
WPy A PRI ) R AR Ty AR
3 it A v, ax 26y 22 )i o6 & AT LA R T L
AN TG i ABOR 3R 43 502 T AL Re, AR R B IE
FIFURG M T He s B ANER Ca . A0 F KM Ty ik
T 5K J7 14 F 25 A0 B We AR SR BT I 36 1 5K
FII 2 8% Bo(G) A FEE Sy ME @K S
B EE R A (D =D PR,

Bo(G)E‘ORU—Zg . (D
ReE%R , (2)
CaEZZ‘E . (3)

WeECaReZ’OL;ﬂ . D

Ko B so RMMIK ST 5 M B 5w YK 5
R—m{WE 12

TE R 1R 20 B A W )T /I Bo AR V1N E
JIH AR /N, We s Re F Ca Xt 43 Be 25 8 H A 85
RIGFZME o X HE A2y AT LA H 3 Fie 35 AR,
JE R GK ) R LA R M R E R Bl R A
PR ERE. R RET ASRREAE—
SE LB N AL AT AN 1 s . AT il We
Ca,Re FZ B0 AL« 3 T U410 Bt 7% o 7 32 3%
e 2B 5 R 1 DL



1918 j\lﬁi

K% T

516 &

Rl HEPSHELER

Tab.1 Parameters used in simulation
T B
B p(kg/m®) 500~5 000
FTH 5K 71 6(N/m) 0.01~0.3
KiEE p(Pa « s) 0.000 1~0. 4
Sy ECARF V(D 0.005~5
M 2 42 R(mm) 0.063 5~1

B4R 0. 127 mm BEHE L 43 it (RS
0.08 pl B, & BAORY BE | 26 11 3K 1 % B0 . i Re.
We 254k, o W5 3 46 2 55048 b X6 T i 7 IR 25
(R i R B, &l 10 R . R IR R 43 o R TR
We (Re R W00 I 7% BE A IUEL . /TR
W OREEE K T WM EAR L S RGN 2
BB 52 43 T ik B 5 A 43 TG 3K R0 1A R /) 220w i
JIFEMRG B0 T+ 3 2 2 5007 20 B 1Y) JC R B We
Ml Re @250 K F i FAE 1570 A 56 0% ml 2h 5 155 g
Ji7% s Re s We 8K, YR 8075 5 6 7% 43 i 2o 7 v
=F2 V0T R W 22 R] ) YRR R We B K A I A%
ST, 75 5 5y 48 2 /N0 s We #l Re
A — BN (Ca) » SRR B R A 0. Ca
KA I R T AR 228 e o X 52 B g SR VE
Re — i 350 J& 2% 1F, SC B2 B il We W 2 2%
.

We' E
10>
, . m
n n n
10! - T
n n n n
- . . Iy
o I
10° O 1 b
10! 102 10°
Re' Re

B 10 5 A BORN T v B0 W00 1Ot 7% 1) 52 i
Fig. 10 Effect of Weber number and Reynolds num-
ber on drop formation process (R=0. 127

mm,V:O. 08 yl)

X AR ARG OO 2R AT 07 L DL LA
Pgsd L U IR FHEAE A AR . AR A R
B4R B W BRSO/ . X B AR T LR
HR YR BRI 0 B S 9 2 s i —
IR ARTASK ) AR T R T A ) We i B(E 22 R

HFE R B, BF %R 4B 00025 4,0, 190 5,
0.012 7 cm 3 Flt )~} EHE , XF 43 HC 0. 005~0. 2 4l
R EAT LA A R B We Il BHE R 2~
3L TESEPR I, R We KT Il FHE EBR IR 4
SRRV ST N N 2N BB T+ 3 i N 2
SR FH v AR AR HIL X 30 V6 H v1 D S W v M 1 5
FEVEAT THNAA . 24 s ) B/ AR A Bk
Yk 2 A BL R W 11 Ca) T T I S
AV SOR R IEE | o 7E 52 = &R 48 ) R A IR
LRSS 1 R AR R S B 11 (b)) R AR B
R WG AT LS R D) JBE v 24 5 18 Bk — 20 1
KoM 17 LA A 11 Co) B R 43 i3k 7] 25 hr K
T PR DA 58 W v 1 R 2 /N . 3X
S G ER AN CED B4 H 1 2518 A4

i

N
[
©N
-~
(a)We=2.8 (b)We=17 (c)We=17

11 W LA [A] We RS MAIgE G rhosg 4 B0
Fig. 11 Photographs of dispensing process with dif-

ferent Weber numbers

25 E TR i a0 DI I e S T V1
U - ) A T AL DN L
PR EZ R, ELVB I S5 e A 5 I I 7 R T gk 2
A Y TE B N AU A R T w56
Pr#edE b o 1 20 B0 iR R P O RS RE % S BRI ] LA
DA L A R M i R R i Al By S BRI B fh 5K
[TV = 55751 3 T L AN OB O & (A
) 47 i A R 3 T PR 285 7 0 0 4 4L T 3 A
3.2 SRR MG

i E TR s 1270 43 TE P I 2 A5 D YR
T 5 BLAR 42 fish 243 FEHR AR 1 DG B2 12700 O L 1
R TR PR RSB AT LA E L T
PR AT DL O R G R R S, B T
iR AE N D BB e M e RGN ET p.
HETAT S AR 5 5 4 el 700 A L AR A A =X (5) o 2 LR
(RPN



%10

PINSL T A SR PR B AR e U R 20 i R 1919

V=nR ut . 5
B2 FE AR U] 20 B R v s ol T 20 B R
PRARAIN O 7 P 3 5 ik =X 23 TC A T I IR ik
AN ws BT LARE W B TS I ) Ll B KR
g At 12X R0 23 T IS 598 A T LA 228 W% i 7 AEE GR Y 52 W
N 12 Bz« v T IR B[] R e o 3 O 3l
HATSER BLG  v 0 18 O A A 5 b 5 2 ol T 48
B IEGAA E 3 R A s L R AE I g A
[F) 5 2 B B0 o A [ KGR 35 552 B 23 IE M AR
SN

S E

T

B 12 o3 BOOR B s R R BUR 1A
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Tab. 2 Viscosities and surface tensions of several reagents
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20% 0.068 185 12
30% 0.066 458 12.5
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50% 0.064 25 19.5
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