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Abstract

We present Pneumatic Vacuum Elevator (PVE), a novel elevator technology 
reducing energy consumptions by driving the elevator with air pressure. An air pumping 
equipment increases the air pressure to pulls the cabin and carries passengers upward; 
releases the air pressure while the gravity drops the cabin downward slowly. Comparing 
to the conventional elevators, the presented product is much more space-saving 
considering the construction of the machine room, since the hoist way or pit are no 
longer necessary for the system. PVE offers enormous potential business opportunities 
because of its suitability for completed condominium or duplex apartments, which have 
no reserved space for elevators. However, the PVE is not generally adopted nowadays 
because of producing noise when vacuuming the elevator cabin upward. 

The goal of our research is to reduce the noise effectively. First, we identify the 
source of noise. Second, we evaluate the existing noise reducing methods. By using 
computer aided engineering and computational fluid dynamics (CFD) software, 
FLUENT, we then conduct a noise- predictable virtual model to observe the dynamic of 
the flow/sound fields. Finally, we propose a solution and strategies for further 
improvement. 

Base on the analysis result, the geometry of the reactive expansion chambers 
mufflers would affect the noise produced in the vacuuming process. Therefore, we 
research the shape of the mufflers and exam several sound-absorbing materials for noise 
absorption properties under different frequencies, and design a hybrid muffler for the 
specific noise source. To exam the prototype, we design a series of experiments to 
measure noise using a small anechoic tank, a sound level meter and a digital 
stroboscope (especially for measuring RPM of the blade). 

This approach provides an efficient noise reducing solution for PVE. After 
conducting noise control design strategies and implementations mentioned above, the 
noise is decreased by 4.8 dB without affecting required fluid dynamics performance. By 
adding additional covers made with polyurethane cotton, a sound soundproof material, 
to the device, the noise is decreased by 2.7 dB more, which leads to 7.5 dB decreasing 
in total. To summarize, this result demonstrates our design effectively reduces the noise 
from the product. 
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(fluid mechanism)

(hydraulic 
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(fan) (blower) (compressor) (vacuum pump)

0.1 kgf/cm2

0.1~1 kgf/cm2

1 kgf/cm2
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0.15 kgf/cm2

 

(centrifugal)  2-1 (axis-flow)  2-2
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(b)  

 

(c)  

 

2.3 CFD

CFD FLUENT

Spalart-Allmaras K-epsilon K-omega Reynolds Stress Detached Eddy Simulation 

Large Eddy Simulation(LES) SIMPLE

SIMPLEC PISO Coupled  

Patankar[ 19]
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Semi Implicit Method for Pressure Linked Equation

SIMPLE method RNG k ��

 

2.3.1

[ 18]  

(continuity equation) 

(momentum equation) 

(Benrnoulli’s equation) 

(Newton’s law of viscosity) 

(Ideal gas) (state equation) 
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q (heat flux)  
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[ 21]  

(direct numerical simulation, DNS) DNS Navier-Stokes
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2.3.3 Broadband Noise Source

Broadband Noise Source Models

RANS

k �

Proudman’s 

Formula[ 25] Proudman Lighthill

(acoustic analogy) Lilley
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(Finite Volume Method)

[ 26]
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2.3.5 SIMPLE method 

SIMPLE Patankar Spalding [ 19]

(u v w)

(p) Navier-Stokes Equation

SIMPLE  2-17  
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 4-1  

 

 4-1 CFD  
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30 30

30  

4.2

 

1. (incompressible flow)  

2.  

3. (no slip boundary condition)  

4. (Newtonian Fluid)  

5.  

CFD CFD (pre-processor)

(Solver) (post-processor)

 

  



 

61 

 

4.2.1

 

1.  

2.  

3.  

4.  

5.  

CFD

 

GAMBIT  4-2
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 4-2  

(triangular mesh elements)

(quadrilateral mesh elements)

 

 
 4-3  
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 4-1  

 (m)
 0.0005

 0.002
 0.001
 0.002

 0.0025
 0.005 Ratio = 0.98
 0.0025 Ratio = 0.968

 0.05

(pressure outlet)

(guage) 0 pa (wall)

(moving mesh)

15000 RPM

 

 
 4-4  
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4.2.2

 

FLUENT RNG k ��

SIMPLE method

Broadband Noise Sources

 

 

 4-5  
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4.2.3

 

FLUENT

 

 

 4-6  

Broadband Noise Sources

64.72 dB
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4.3

30

CFD  

PVC

PVC 30

20  4-7 97.5 dB  

 

 4-7  

4.4

30 CFD

64.72 dB 97.5 dB 33.6 %

AMETEK 119153
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AMETEK 119153 P-Q

160CFM 1.2566E-3 m3

60.09 m/s

(velocity inlet)

 4-2  4-2

40 m/s 97.73 dB 0.2 %  

 4-2  

V_int (m/s) 10 20 30 40 50 

dB  51.04 70.71 89.87 97.73 105.36 

(%)  47.7 27.5 7.8 0.2 8.1 

30

 4-8 CFD

103.6 dB 99.5 dB 4.15 % 5 %  

 

 4-8   4-9  
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CFD

 

5.1

(reactive muffler)

 5-1

 

 

 5-1 [ 28] 
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180º

 

[ 31]  

 5-2 S1 S2

l 2 1/m S S�

( )
1p � ( )

1p � 1

( )
2p � ( )

2p � 2 ( )
2

jklp e� �

( )
2

jklp e� 2 / 2 /k f c+ + ,� � f

1500 Hz , c (340 m/s)  

 
 5-2 [ 31] 



 

71 

 

2 1 kl 1

 

 ( ) ( ) ( ) ( )
1 1 2 2p p p p� � � �� � �  ( 5-1 )

 

 
( ) ( ) ( ) ( )

1 1 2 2
1 1 2 2

0 0 0 0

p p p pS S S S
c c c c� � � �

� � � �� � � � � � � �
� � �� � � � � � � �

 !  !  !  !
( 5-2 )

 

 � �( ) ( ) ( ) ( )
1 1 2 2p p m p p� � � �� � � ( 5-3 )

2  

 ( ) ( ) ( )
2 2 3

jkl jklp e p e p� � � �� �  ( 5-4 )

 � �( ) ( ) ( )
2 2 3

jkl jklm p e p e p� � � �� � ( 5-5 )

TL transmission loss  

 
2( )

1
( )

3

10 log pL
p

�

�

� �
- � � �

 !
 ( 5-6 )
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 � �
2

21 110 log 1 sin
4

L m kl
m

	 
� �- � � �� �� �
 !� �� �

( 5-7 )

( 5-7 )

L- kl  5-3  

 

 5-3 [ 32] 

� �2sin 1kl � � �2 1
2

kl n +
� �

� �2 1
2

l n ,
� � � �0,1,2...n � f 1500 Hz c 340 m/s

/c f, � 0.2267 m n l  5-1 n 2
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L 30

n 0 1 L 56.7 170 mm  

 5-1 L n  

n 0 1 2 3 4

L (mm) 56.7 170.0 283.4 396.7 510.0

L

 

 
2

max
1 110log 1
4

L m
m

	 
� �- � � �� �� �
 !� �� �

( 5-8 )

( 5-8 ) m

m

PVC 36.25 mm 47.25 mm 66.25 

mm 20 mm m 3.29 5.58 8.87

TL 5.08 dB 9.19 dB 14.86 dB  

L

56.7 170 mm R2 36.25 mm 47.25 mm 66.25 mm

 5-2  
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 5-2 mm  

R2  L 56.7 170
36.25 Case 1 Case 2
47.25 Case 3 Case 4
66.25 Case 5 Case 6

5.2 CFD

CATIA

CAD  5-3 (L, R2) L

R2  5-4  

 5-3  

Case 1 (56.7, 36.25) Case 2 (170, 36.25) Case 3 (56.7, 47.25) 

   

Case 4 (170, 47.25) Case 5 (56.7, 66.25) Case 6 (170, 66.25) 

 

 

 5-4  
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20

 5-4  

 5-4 CFD  

 (dB)

Case 1 (56.7, 36.25) 93.58

Case 2 (170, 36.25) 91.64

Case 3 (56.7, 47.25) 93.56

Case 4 (170, 47.25) 91.39

Case 5 (56.7, 66.25) 93.28

Case 6 (170, 66.25) 89.14

(Case 6) 89.14 dB

L 170 mm R2 66.25 mm

 

5.3

(absorptive muffler)

 5-5
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 5-5 [ 28] 

H. J. Sabine [ 33]  

 � �1.41.03A
PL l
S

$�  ( 5-9 )

( 5-9 ) P (m) S (m2) L (m) $

$ � �1.4$  

 5-5 $ � �1.4$  

$  0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

� �1.4$  0.04 0.105 0.185 0.277 0.379 0.489 0.607 0.732 0.863 1.00
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 5-6 $ 0.46 0.41 0.51 0.42

1500 Hz 1000 

Hz 2000 Hz

2.5  

 5-6  

  
  (cm) 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 

  2.5 0.06 0.14 0.34 0.77 0.73 0.73 
  2.5 0.1 0.2 0.35 0.55 0.60 0.65 

  2.5 0.12 0.21 0.48 0.7 0.77 0.76 
  10 0.02 0.16 0.53 0.48 0.59 0.74 

$ 0.51 P 0.1257 m

S 1.257E-3 m2 L

0.17 m ( 5-9 ) 6.64 dB  

[ 34]

.  (%) 20% 30%

d (mm) a (mm)  

(1)  5-6A  

 
2

100%
2 3

d
a

+. � �� �� �
 !

 ( 5-10 )
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(2)  5-6B  

 
2

100%
4

d
a

+. � �� �� �
 !  

( 5-11 )

 

 5-6 [ 34] 

a 15 mm d 8 mm

. 25.8 %  

5.4

 

(1)  

 5-7 R1 20 mm R2 66.25 

mm L 170 mm  
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 5-7  

(2)  

 5-8 R1 20 mm T

25 mm L 170 mm

15 mm 8 mm 25.8 %  

 

 5-8  
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PVC 5 mm

 

6.1

PVC

 6-1 5 mm  6-2

 6-3  

 6-1 PVC   6-2 5 mm  

 
 6-3  



 

82 

 

PVC

2D  6-4  6-5

 6-6  6-7  

 6-4 2D   6-5  

 6-6   6-7  

 6-8

PVC % 7.9

 6-9  



 

83 

 

 6-8   6-9

 6-10  6-11

 6-12  6-13  

 

 6-10   6-11  

 

 6-12   6-13  
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6.2

 

 before afterIL L L* �  ( 6-1 )

( 6-1 ) IL (dB) beforeL

(dB) afterL (dB)  

beforeL

afterL  

60.3 dB

AMETEK 119153 50 cm

 6-14  
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 6-14  

 6-1 3 dB

IL 4.2 dB  6-15

100 cm  6-2

2.9 dB IL 3.1 dB

IL 4.8 dB  

 

CFM cubic feet per minute

1 CFM = 28.3185 L/MIN  
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 6-1 50 cm  

 6-2 100 cm  

  (dB) IL (dB) (CFM) 

60 cm  89.1 - 95.2 

  86.2 2.9 94.47 

  86 3.1 94.54 

  84.3 4.8 94.21 

 
 6-15  

4.8 dB

AMETEK 119153 100 89.1 dB 84.3 dB

 6-2

 

  (dB) IL (dB) (CFM) 

30 cm  97.5 - 95.54 

  94.5 3 94.47 

  93.3 4.2 95.27 
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 6-16  

 
 6-16  

 6-16  6-17

81.6 84.3 2.7

AMETEK 119153 7.5  

 
 6-17  
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CFD

CAE FEM Finite 

Element Method, 

 

7.1

 

(1)

 

(2) FLUENT

CFD

RNG k ��

Broadband Noise Source

5 %  

(3)

CFD
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(4)

4.8

2.7

7.5  

7.2

 

1

 

2

FEM Finite Element Method, 

 

3
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75~85%

3~6 65%

12  
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