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Abstract 

An investigation of low Reynolds number flow in nozzles and diffusers which are widely used in the 

valveless micropump is presented. Flow characteristics in the nozzle and diffuser are explained in view of 

viscous effect and flow oscillation induced by pumping membrane. These calculation results show that the 

rectification property of valveless micropump is due to a flow separation in the diffuser and the separation is 

largely originated from the flow oscillation. Under the assumptions of steady flow velocity profile and flow 

separation in the diffuser, simplified analytical models are provided to see the dependency of rectification on 

the micropump geometry. Geometric parameters of channel length, nozzle throat, chamber size, and 

converging/diverging angle are depicted through the analytical models in low Reynolds number flow, and the 

prediction and experimental results are compared. This theoretical study can be used to determine the 

optimum geometry of valveless micropump. 
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Fig. 1 Schematic drawing of Valveless micropump 
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Fig. 2 Velocity profile in oscillating channel flow at 

different time 
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Fig. 3 Geometry of nozzle/diffuser 

 

ξξξξ (l/h
1
)

0 2 4 6 8 10

∆∆∆∆p

-100

-80

-60

-40

-20

0

20

αααα = 5
o

αααα = 4
o

αααα = 3
o

αααα = 2
o

αααα = 1
o

3µµµµQ

4dh
l

2(      )

 
Fig. 4 Dimensionless pressure drop along the 

converging channel 

 
Fig. 5 Two flow regions with flow separation and 

imaginary separation line in diffuser 

2674



   

 

«'4. 
@)KñH. 

�rb %&@ ��KP ¡¢b �`� N8K
L MNO 

H�(
 
@)t� KñH. # MöSOP

 y jÏ4.P ��( �:@ 
u� 

�)K� �
�= 

E« 
�& x S 

(NO  ̈ �bH. )jÏ �
`= Jeffery-Hamel �`4. èéK�, 
÷ è�(

 %& 
ÌÍ=

 lubrication �`4. èébH. �b
  !"( #$@ �� 

fF
 Re X$ �� 

fH
P

 
@) MSO �%U ��� �$NB X GH. 

ðÝO 
ÍjÏ �`  )jÏ �`y7 ##( 

�` èéSO 
H�(

 ��  �� 
é�( #iÙt�

 
é3� X GH. 

 

( )

( )

( )
2 2

2 4

23

4 1

cor
cor

Q
p

d h h

ζ βζζ βζζ βζζ βζµµµµ

βζβζβζβζ

+
∆ =

− +

  (4) 

( )

( )

( )

1
2

2 2
1

3 2

23

4 2 1

rec
rec

Q
p

d h

ξ α β ξξ α β ξξ α β ξξ α β ξµµµµ

α β ξα β ξα β ξα β ξ

� �+ −
 �∆ =
� �+ −
 �

 (5) 

2 4

l

h h
ζζζζ ≡

−
, 

3
2

l

h
ξξξξ ≡  

 

��= 
Í*

 
ÌÍ�9 )* 

ÌÍ�9 �= y Mö
SO �< �HF 

@)Kñ4z. 

 

div cor rec
p p p∆ = ∆ = ∆    (6) 

 

�b 
Í*

 
ÌÍSO( ��  )* 

ÌÍ(
 ��(C=

  !"J 
�9P

 D ��� 
Cz. 

 

2
div cor rec

Q Q Q= −    (7) 

 @�(
 %&'(separation line)SOP �{2�( 5

>ä� ��K� 34z. 
H�(

 �i}(� U
3� X GH. 

 

( ) ( )( )1
2

cor rec
u u

y y
θ β θ α βθ β θ α βθ β θ α βθ β θ α β

∂ ∂
= = = −

∂ ∂
 (8) 

 

# 
ÌÍS 

°b
 
ä$7åSO M( �i 

}(�
 

U3K÷ 
H�(

 
Ù�

 ,� X GH. 

 

( ) ( )2 2

rec cor

rec cor

Q Q

h x h x
=    (9) 

( ) ( )1 1
42 2rec

h x h xα βα βα βα β≅ + −  

( ) 2 4cor
h x h h xββββ≅ − +  

 

M( 
Ù

(8), (9)
�

 �3Kp 
H/ )&K÷ 

H�(
 �{b 

Ù4. )&; X GH. 

 

( )
2

1
1

2 1
div cor

C
Q Q

C

α β ηα β ηα β ηα β η

βηβηβηβη

� �� �+ −� �
= −� 	� �

− +
 �� �� 


 (10) 

4

2

h
C

h
≡  

�þ C
P

 Fig. 3 SO �LCD Gó�  !" 

ý?SO ��ý?( 
-LS 

°b
 %&'( 

-L(
 µ�H. � E= Re X¥ ý?@ #� A vw
~� £x. 

y*F� v]Ú ý?~�S ðÝ ÿÝ�P
 E�H. ðÝO %&'= β¥ C S 

(NO 

_ É]� 
@)C�  !"( �`  mnuP 

,
�-. YZ( É]S G 

ÌÏ� 
�HH

. � XÙ�
 
H/ 

Ù
(6)  

Ù
(7)S 

°ýKp )&K÷ 
H�

(
 
Ù�

 ,� X GH. 

 

( )( ) ( )
( )

2

2

2 2 3 1 2 1

2

C C C C

C

ηαηαηαηα
ββββ

ηηηη

− − + −
=

−

 (11) 

 

M( 
Ù�

 �NO C
@

 0 S IèK÷ β
@

 αS 

IèK� 
Í*S 

(b
 ��� 0 4. XJKP 

Ü
�

 � X G4�, C
@

 1 S IèK÷ β
P

 0 S I
èKP 

Ü�
 � X GH. 

�rb XÙt� �3Kp ��   !"SO( 

��  �� 
é�( #iJ �$� X GH. 

 

( )
( )

2
2

2
14

3 2
con con

dh
Q p

αηαηαηαη

µ η αηµ η αηµ η αηµ η αη

+
= −∆ ×

+
  (12) 

( )
( )

2
2

2
14

3 2
div div

dh
Q p K

αηαηαηαη

µ η αηµ η αηµ η αηµ η αη

+
= ∆ ×

+
  (13) 

( )

( )

( ) ( ) ( )( )
( )

22 2

2

1 2 12

2 2 21

C C C
K

C

βη α β ηβη α β ηβη α β ηβη α β ηη αηη αηη αηη αη

η βηη βηη βηη βηαηαηαηαη

� �− − + − + −+ � �
 �≡
− ++

 (14) 

 

ζζζζ  (l/h
2
)

0 5 10 15 20

-5

0

5

10

15

20

25

30

αααα = 1
o

αααα = 2
o

αααα = 3
o

αααα = 4
o

αααα = 5
o

( )2

2
3 4

divp

Q dhµ

∆

 
Fig. 6 Dimensionless pressure drop along the 

diverging channel 
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Fig. 7 Rectification efficiency with different 

nozzle/diffuser channel length 
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