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Analysis and Improvement of SCUBA Diving Regulators
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Analysis and Improvement of SCUBA Diving Regulators

Student : WEI-CIANG HU Advisor : Dr. Ray-Quen Hsu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

The self contained underwater breathing apparatus - SCUBA
set ,consist of compressed air tank and pressure regulator .The
development of scuba diving nowadays is based on the invention of
regulator. The pressure of compressed air carried by diver must be
reduced to the pressure as in environment by regulator before he or she
can breath in.If the regulator fail in the water or it can’t supply the
enough air for diver, the lives of diver would be in serious danger .So the
performance and stability of the regulator concern the life of divers .Until
nowadays, the design of regulator is depend on the experiences of the
designers .Try-and-error is required to get the better results.

In this project, using the Mold-Flow Analysis Software- FLOW-3D,
simulation of the air flow in the regulator will be used and analyses of the
key factors influence the performance of the regulator will be idenfied.
Besides, we can predict the index performance of regulator by using the
analysis result.

Contrary to the tradition process, the performance can be predicted
bfore a proto-type is made for experiment when design a new regulator.
Therefore, the simulation process by using of FLOW-3D can effectively
reduce the time of develop products.

In addition, utilize the results of simulation to improve the regulator
for a better performance.
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7\ Modify a Spring-Damper Force

Name | SPRING_1

Action Body | PART4

Reaction Body | PART3

Stiffness and Damping:

ISuﬁness Coefiicient

No Damping o

Length and Preload:

|| (1. 0E-002(newton/mm))

Preload [200

Default Length ~ | (Derived From Design Position)

Spring Graphic | On, If Stiffness Specified

|

Damper Graphic [ On, If Damping Specified

|

Force Display [On Action Body

|

0K I Apply I Cancel I
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# 4.1 ANSTI =38 & B RI3E 8 R 5% By

% # &4 (mbar) R #» % (J/1)
P i (mbar) i (F) | %F(3) S5 & 74 5
NO 0.00 16. 44 7.1 1.19 0.00 0. 48 1.67
B0 0.00 8. 56 6. 96 0.59 0.00 0. 48 1.08
TO
S0 8. 43 5.43 7. 22 0.08 0.3 0.49 0.57
S22.5 5. 56 5.93 7. 46 0.14 0.13 0.50 0. 65
S45 1.71 6. 89 8. 22 0. 36 0.01 0. 56 0.92
% 4.2 2§ fRS TR
B, SF bR ANSTIiRlE 48 = 9 2 ficdf
3 3
e ried = (N (mbar) (mbar)
NO 1.749 -15 -16.4
B0 1.749 -8 -5
S0 1. 749 +8 8.43
S22.5 1.749 -6 5.56
S45 1.749 ) -6.89
% 4.3 TRF oA 17 R
L N ES Y R4 X offset | ANSTI:p|3&48 & 7 2% #icdy
(bar) (bar) (mbar) (mbar) (mbar)
NO 7.0905 7.111 20.5 -15.5 -16.4
B0 6.899 6.931 32 -4 -5
SO 8.468 8.515 47 11 8.43
S22.5 6.655 6.696 41 5 5.56
S45 6.654 6.683 29 -7 -6.89

56




% 4.4 #=%in3E FLOW-3D A 5 sk

R BRrR | g RS RS L Offset
CRAI (mbar) (mbar) (mbar) (mbar)
B A 6. 899 6. 931 32 -4
® 7.0272 7.047 19.8 -16. 2
£ 6. 883 6. 9065 23.5 -12.5

4 4.5 3t & & FLOW-3D 4 45 4

ek s wRprR | sg B4 B4 Z | Offset

v o L“/ ’3’-

CRIVF AR (mbar) (mbar) (mbar) (mbar)
2mm 6. 4685 6. 5025 34 -2
™ 60 6. 7395 6. 775 e -0.5
45 6. 6745 6. 7095 3 -1
no90 6. 623 6. 665 42 6

% 4.6 %3 =~ -] FLOW-3D 4 +7 #cdx

CEaL T A 12 R S &4 Z Offset
= (mbar) (mbar) (mbar) | (mbar)
3mm 6. 899 6. 931 32 !
2mm 6. 4685 6. 5025 34 -2
1. 4mm 6. 3835 6. 3435 4() +4
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-—ANSTI
CERTIFICATE REFERENCE
DATE : 2008/3/27

DEMAND REGULATOR PERFORMANCE

-~ OCEAN DIVERS
DTS-0310584

EQUIPMENT
REGULATOR TYPE
SERIAL NUMBER

RGO

lst: 06060019

INTERSTRAGE PRESSURE 0.0 psi

CONDITIONS OF TEST

ROOM TEMPERATURE V552 B

HP SUPPLY PRESSURE 3019.2 psi

TIDAL VOLUME 2.50 litre

VENTILATION RATE 62.3 lpm

RESULTS

INHALE PRESSURE = 5.93 mbar

INHATE POS PRESSURE = 5.56 mbar

EXHALE PRESSURE = 7.46 mbar

EXT WORK OF BREATHING = 0.65 J/1
INHALE WORK =0.14 J/1

POS INHALE WORK = 0.13 J/1
EXHALE WORK = 0.50 J/1

- ANSTI-

TIME : T 01:33:07

BREATH RATE

07123144

24,94 bpm

PRESSURE - VOLUME DIAGRAM

mbar ~—-————

By s e (i p— — e et s

) AR SRS S IR N PO g

AT DEPTH OF :

51.3 msw (168.3 fsaw)

- - EXHALE

4.5 litre max

~INHALE

1P -V

QCAEN DIVER

b

psi

91p MAX: 213.5 psi
IP MIN: 157.2 psi

- - - DTS-0310

B 4.27 3 /& 1.4mm RlE¥d

67



-1 %

-%g;

PR R 2P BN R I HCE A T O AEE S Bk R eE ) 6 R

Z_ R SRR 2 A\irfr%;‘;ov%ﬁ:} =R KR S R

N

B TAe D PE ST E R S PE SN BRI E AL

w

R AR TSR o FREEF T G -
1. §1* FLOW-3D£ MSC Adams#cig 4 15 #ic 8 7 14 5 T3 P e e
AEE2 MG FIAR S BRI G A F o
2. P REBFIL A B BIILIT K ] L eR R & R A Sl ) BT
Aol BES g R4 2 fApH -
3. WG A &P I F I A0 B ] T IR

1.5mm > dy 3 prEed B F FEFLE o

5-2 A kB ¥

FHoRFERDE BT UL - ARG BE - RBER, AT R
Fd- BR @ F R LR AR R o - BRE DL o F 2
RESCRRES T U e PRI F ek f A H P S IRE 0 A i ek § D

EELCE I S R AP Ut U E R IERIVES o S g S

A TR G Mk §OPERE AT S G Y e F TR R A A

68



7

RS 2 S RS TT TR SRS Lt

H N PRI R e PR

69



24 @

[1] Pete Wolfinger, SCUBA Regulator Ssvvy,A division of Peter Built
Co.,Galion,Ohio,USA

[2] Douglas J. Toth, US patent, 4508118, 1985

[3] Harmon R. Hansen, Thomas A. Lingenfelter, US patent,
4683881,1987

[4] Tony Christianson, US patent, 4862884, 1989

[5] Arthur R. Ferguson, US patent, 5660502, 1995

[6] Dean R. Garraffa, US patent, 5678541, 1997

[7] Alberto Belloni, US patent, 6279575, 2001

[8] Richard I. Brown, David S. Brown, US patent, 6354291,2002

[9] Kurtzmaan,J.& Zauhar,J.(1997).A Wave in Time—The Sports Tourism
Phenomena. Journal of Sport Tourism,4(2),5-20

[10 ] By HZREESE > 2005 - “ﬁ"iﬂ?ﬁ*’f‘” v f122-230 1 5] -

(1] BREs (1991) : WPISEIERRfE - ¢ < sl e

70



it ANSTI # & 35K

DEMAND REGULATOR PERFORMANCE

—ANSTI OCEAN DIVERS-—————— ANSTI-—
CERTIFICATE REFERENCE : DTS5-0310579
DATE : 2008/3/27 TIME : F4* 12:12:02
EQUIPMENT
REGULATOR TYPE : RGY
SERIAIL NUMBER : 1lst: 06060019 ; 2ed: 07123144
INTERSTAGE PRESSURE : 0.0 psi
CONDITIONS OF TEST
ROOM TEMPERATURE t 752 F
HP SUPPLY PRESSURE : 3369.8 psi
TIDAL VOLUME : 2,50 litre BREATH RATE : 25.09 bpm
VENTILATION RATE ¢ 62.7 lpm
RESULTS
INHALE PRESSURE = 16.44 mbar
INHALE POS PRESSURE = 0.00 mbar
EXHALE PRESSURE = 7.10 mbar
EXT WORK OF BREATHING = 1.67 J/1
INHALE WORK =1.19 J/1
POS INHALE WORK = 0.00 J/1
EXHALE WORK = (0.48 J/1

PRESSURE - VOLUME DIAGRAM AT DEPTH OF : 51.1 msw (167.7 fsw)

BB s e e e e e .. . EXHALE
15_._______.______
o e 7(:_’ T ... WA
mbar el f—— , .
k ! 4.5 litre max
| N #
f \””lnw\ /
_15,7777\25\._:__ oy sy ey ey g
254+———— — — — — ——— -— —— -—INHALE
e IP -V
]
bar KW\ - rpsi
AAAANA P s i
Sl e e e - e e e e s wiges e ol
i 291P MAX: 214.8 psi
i IP MIN: 198.6 psi
e e —— 158
|
sl s s ge e o e -87
REMARKS : OCAEN DIVER
—DTS-0310
-
3] NO
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DEMAND REGULATOR PERFORMANCE

- L b L e e - ——QCEAN DIVERS- i) — e e~ BANSTT—
CERTIFICATE REFERENCE DTS-0310580
DATE : 2008/3/27 TIME : |4~ 01:16:59
EQUIPMENT
REGULATOR TYPE RGS
SERTAL NUMBER 1lst: 06060019 ; Zed: 07123144
INTERSTAGE PRESSURE 0.0 psi
CONDITIONS OF TEST
ROOM TEMPERATURE TE2 B
HP SUPPLY PRESSURE F175:1 psi
TIDAL VOLUME 2.50 litre BREATH RATE : 25.10 bpm
VENTILATION RATE 62.8 lpm
RESULTS
INHALE PRESSURE = 8.56 mbar
INHALE POS PRESSURE 0.00 mbar
EXHALE PRESSURE 6.96 mbar
EXT WORK OF BREATHING = 1,08 J/1
INHALE WORK 0.59 J/1
POS INHALE WORK = 0.00 J/1
EXHALE WORK = 0.48 J/1
PRESSURE - VOLUME DIAGRAM AT DEPTH CF 51.0 msw (167.4 fsw)
25 | - . — _EXHALE
i1 R e T
S R BB \*\
b i .
A ! i 4.5 litre max
b~ |
T e
T
we e iy e o e s g S Seae ~
20 e e e - INHALE
|
______ P -V
bar Lw psi
‘ I N s |
O U ;
291? MAX: 214.3 psi
IP MIN: 197.9 psi
e —— — N 1
- e e LT
REMARKS OCREN DIVER
I e~ ——DTS§-0310
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DEMAND REGULATOR PERFORMANCE

—ANSTI ———QCEAN DIVERS - ANSTI-—
CERTIFICATE REFERENCE DTS-0310582
DATE : 2008/3/27 TIME : 4~ 01:24:56
EQUIPMENT
REGULATOR TYPE RGY
SERIAL NUMBER lst: 06060019 ; 2ed: 07123144
INTERSTAGE PRESSURE 0.0 psi
CONDITIONS OF TEST
ROOM TEMPERATURE 75.2 F
HP SUPPLY PRESSURE 3079.8 psi
TIDAL VOLUME 2.50 litre BREATH RATE : 25.09 bpnm
VENTILATION RATE 62.7 lpm
RESULTS
INHALE PRESSURE = 5,43 mbar
INHALE POS PRESSURE = §.43 mbar
EXHALE PRESSURE 7.22 mbar
EXT WORK OF BREATHING = 0:57 J/1
INHALE WORK = 0.08 J/1
POS INHALE WORK 0.30 J/1
EXHALE WORK 0.49 J/1

PRESSURE - VOLUME DIAGRAM AT DEPTH OF : 51.2 msw (168.0 fsw)
25— — — —— — — —— —— — — — -FXHALE
15‘i.,._.. s s s g soa i e g e
% }gyé;ff:_ .V
! r'// T ™
LT (/ S ITTTT 7T 4.5 litre max
{ d ‘\_
o A— = ammenizes R
S — —— —— —— —— " —— —— ~—= —— —— - INHALE
- D - - IP -V
barq————= i — 4 psi
_ e [Pt
N |
T U e S e ey b il
291p Max: 214.4 psi
IP MIN: 198.2 psi
e — — =58
2 S - = SO WY
REMARKS : OCAEN DIVER
e DTS-0310

-l
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DEMAND REGULATOR PERFORMANCE

—ANSTT - OCEAN DIVERS—————
CERTIFICATE REFERENCE DTS-0310583
DATE 2008/3/27 TIME : T4 01:28:42
EQUIFMENT
REGULATOR TYPE RG9
SERIAL NUMBER 1st: 06060019 ; 2ed: 07123144
INTERSTAGE PRESSURE 0.0 psi
CONDITIONS OF TEST
ROOM TEMPERATURE 75.2 F
HP SUPPLY PRESSURE 2992.5 psi
TIDAL VOLUME 2.50 litre BREATH RATE : 24.93 bpm
VENTILATION RATE 62.3 lpm
RESULTS
INHALE PRESSURE = 6.89 mbar
INHALE POS PRESSURE = 1.71 mbar
EXHALE PRESSURE = 8.22 mbar
EXT WORK OF BREATHING 0.92 J/1
INHALE WORK = 0.36 J/1
POS INHALE WORK 0.01 J/1
EXHALE WORK 0.56 J/1

PRESSURE - VOLUME DIAGRAM AT DEPTH OF 51.2 msw (168.1 fsw)
25.3__ R — - R ... .EXHALE
TS s e e e e e e e
P i S
[ S e 7Z fffffffffffffff \-\\ ------ .
mbar s s sy 7—-»:'/:\_7 B
\, 4.5 litre max
L LN ,
- o
i i e pe e e ey ey s w S
gD s S BT S e e e T INHALE
R -
bar +—- - 1 | psi
| e J
| s
_2 ! Sadr e R SRR IS | ST ==l e 4 —
| 291p MAX: 213.6 psi
| IP MIN: 197.3 psi
—4T4J _— — e —— e —— ——— — -58
il b s i e e e e e E e o e el T
REMARKS OCREN DIVER
e DTS-0310

3] §45
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DEMAND REGULATOR PERFORMANCE

—-ANSTI— e~ QCEAN DIVERS-——— — — =~ e e i ANS T T
CERTIFICATE REFERENCE : DTS-0310584

DATE : 2008/3/27 TIME : F4F 01:33:07
EQUIPMENT

REGULATOR TYPE : RGY

SERIAL NUMBER : lst: 06060019 ; 2ed: 07123144

INTERSTAGE PRESSURE : 0.0 psi

CONDITIONS OF TEST

ROOM TEMPERATURE ¢ T8a2 B
HP SUPPLY PRESSURE : 3019.2 psi
TIDAL VOLUME : 2.50 litre BREATH RATE : 24.94 bpm
VENTILATION RATE : 62.3 lpm
RESULTS
INHALE PRESSURE = 5,93 mbar
INHALE POS PRESSURE = 5,56 mbar
EXHALE PRESSURE = 7.46 mbar
EXT WORK OF BREATHING = 0,65 J/1
INHALE WORK =0.14 J/1
POS INHALE WORK = 0.23 I/
EXHALE WORK = 0.50 J/1

PRESSURE - VOLUME DIAGRAM AT DEPTH OF : 51.3 msw (168.3 fsw)

NSRRI | - )
Biar desces e BT o e iR . VI
mear i ib/'// T | 4.5 litre max
e
_15_______-4.;77777,
e e
N B _IP -V
bar -+ - . ———tpsi
e J
(S50 Suw—| p— — S—— R S GRS S s e
291P MAX: 213.5 psi
IP MIN: 197.2 psi
74__ R AR S o B S _.__58
i i
. e
REMARKS : OCAEN DIVER
—_— e DT8-0310
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