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Agenda T

What is a Gas Distribution Application?

* Regulator flow curves
* Droop
* Lockup

Supply Pressure Effect

 Single vs multiple regulator stages

« Changeover panels
» Operation
 Selecting changeover pressure

 Selecting line regulation

e Questions
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Ability to connect multiple cylinders with efficient e
space management

Swagelok Source Inlet (SSI)
Operation:

» Establishes a connection between the high-
pressure gas source and the distribution system

« Can be one bottle or multiple bottles

 Highly configurable options ensures operator safety
« Option to vent individual lines to maximize uptime
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Source Inlet (SSI) Hoses (Construction) S

1. Core tube 3. Cover
2. Reinforcement (braid) 4. End connections

o braid core end connections
\ ‘ i 4 |
L 3

* : — =
LS S8 S S S S Bttt

SIS IIIPI:
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Hoses (Type of Hoses) Swadde

Difficult part to select
Metal vs PTFE vs Thermoplastic vs Rubber
Pressure, Temperature & Medium

| MetalCore PTFE Thermoplastlc

Temperature

Pressure . . ) .
Impulse & ] @ ®
Dynamic Bend ® @ o J
Permeation . J . .
Cleanliness ] & J J
Compatibility 4 & ® ®
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Hoses (Permeability)

Swosd

« Permeation should be considered for applications
with small molecules such as:

— Helium
— Hydrogen

Leakage from inside the hose to the outside of the
hose, or form outside the hose to inside the hose

Factor Description Affect

Hose length and hose diameter have a linear affect on total .
Surface area . Linear

permeation

Pressure increases linearly with molecular count (2x Pressure means
Pressure 2X gas molecules). Permeation rate is also linear with gas molecule t Linear

count

Higher temperature molecules are moving faster, therefore permeate Linear
Temperature

faster. (absolute T)

The core tube wall thickness (0.025” thru 0.050”) will determine how l $q. Root

Wall thickn . i
Clltilln s easily gas molecules can find a path to permeate

© 2025 Swagelok Company 12




Hoses (Quick Connects)

Swosd

« Easy to couple and uncouple hoses
* No use of tools for coupling
» Keyed options possible

P _
|
&

¥




Hoses (Routing and Length)

Swosd

|'Il---ll-r
o
a'll _II_.""‘-F.
g -
Minimum ,’ Bend 7
straight I i radius f
length _|[
Correct Incorrect
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Correct Incorrect

Elbows and adapters can be used to relieve hose strain.

Correct Incorrect
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Hoses (Routing and Length) Swogdde

OAL = (End Connections) + (Straight Sections) + (Bent Sections)
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Source Inlet (SSI) Filtering Swadek

[ 1

1 : I

: 1Z'pa‘:k Skid : 3 To changeover panel
: NO : 4 [flexible element)
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: : GDP inert = 60um (STD)
: : Industry best practices: 5~10um
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Source Inlet (SSI) Swaddk

---------------------------------==- -------- -=
. N
12-pack Skid :: - : To changeover panel
n =
MO ] 1
:: —I—".l'entto safe location
1] ne
- =
SSi
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Gas Panel
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Gas Panel
* First point of gas
C(-)n ° Waa\o%
 Single- or Dual stage Ervecimios ||
 Dual stage AP OUTer: 34 1
configuration to %
minimize DROORP /
SPE / Joule Thomson
effect
* Vent and Relief

m_
options to enhance 1
safety N
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How Pressure Regulator Selection Affects Gas

- L . : SR\
Distribution Performance?
Flow curve consists of three parts:
« A steep drop on the far left, which shows Nitrogen Flow, st Limin :
0 500 1000 1500 2000 2500 3000 3500 4000 4500 e
seat-load drop or lockup ol e s o Bl ol ol il
0 +——— Seat-Load Drop or Lockup 1 /50
i :4.0 &
. The ideal operating range, a relatively flat ¢ =- _ - ¢
. . ? \_ Ideal Operating Range { -30 2
part in the middle g - o8
B 30- -20 B
3 - 3
A steep drop on the far right, which shows 12‘ oW —>
the choked-flow area o '® o e & 10 12

Nitrogen Flow, std ft*/min Flow
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Families of Curves

Characteristics:

* Flow performance is less sensitive Flow Coefficient 0.06
to outlet pressure 30
* Much more sensitive to inlet o
pressure L —
* | Inlet pressure = | Flow capacity i | 75 barg 250 barg
5 35 b
Why is it important: i
: : : 0 10 e
* As your cylinder drains, flow capacity 3 e
is reduced S =
- With multiple regulation stages, ) S
downstream regulator IS limited by 0 100 200 300 400 500

upstream setting Nitrogen Flow, std L/min
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Families of Curves

Characteristics:

* Flow performance is less sensitive Flow Coefficient 0.06
to outlet pressure 30
* Much more sensitive to inlet -
pressure -
e | Inlet pressure = | Flow capacit g 2 - 7% bt
‘L p l p y E 35 barg -
Cey 8"
Why is it important: &
: : : 0 10 e
* As your cylinder drains, flow capacity 3 S
is reduced S =
- With multiple regulation stages, ) i
downstream regulator IS limited by 0 100 200 300 400 500

upstream setting Nitrogen Flow, std L/min
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Families of Curves

Characteristics:

* Flow performance is less sensitive Flow Coefficient 0.06
to outlet pressure 30
* Much more sensitive to inlet o
pressure L —
* | Inlet pressure = | Flow capacit i — 75 barg n‘
| P l pacity ¢ — Goso vare)
C ey g
Why is it important: i
: : : 0 10 e
* As your cylinder drains, flow capacity 3 e
is reduced S =
- With multiple regulation stages, ) S
downstream regulator IS limited by 0 100 200 300 400 500

upstream setting Nitrogen Flow, std L/min
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SPE- Supply Pressure Effect

/

Swosd
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General-Purpose Diaphragm-Sensing,
Pressure-Reducing Regulgtors (KPR Serieg)

The KPR series is a compact regulatol with eXsgllent accuyacy, sensitivity, and set-
point pressure stability.

Features Supply-Pressure Effect
B Convoluted, nonperforaied diaphrag Pressure Control Range
B Metal-to-metal diapkgagm seal Up to 250 psig
M Low internal volume Flow 100 psig (17.2 bar)
B Two-piece cap design provides linear Coefficient | (6:8bar) | and Higher
load on the diaphragm seal (Cv) Supply Pressure Effect, %
® High-flow, dual-gz ype filter in 0.02 0.3 0.5
inlet ports 0.06 1.0 1.5
) 0.20 1.7 2.5
Technical Data 0.50 Y 33

Maximum Inlet Pressure

M 3600 psig (248 bar)

M 6000 psig (413 bar) ydth PEEK seat
Pressure Control Ranges

M 0 to 10 psig (0.68 bar) through
0 to 500 psig (34.4 bar)

Flow Coefficient (C,)
M 0.06 and 0.20

See page 41 for flow graphs.
M 0.02 and 0.50 also available

Maximum Operating Tempefatuce
B 176°F (80°C) with PCTFE sgat
B 392 R(200°C)pvith P geat
B 212°F (10Q°Z) with PEEK seat and

3600 psig (248 bar)
Weight
H241b(1.1 kg)

24

maximum Inlet pressure greater than

Ports

1/4 in. female NPT inlet, outlet, and
gauge ports (all body materials)

B 1/4 in. tube butt weld inlet, outlet,
and gauge ports (316 SS body
material only)

B 1/4 in. VCR® inlet, outlet, and gauge
ports (316 SS body material only)
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SPE- Supply Pressure Effect (Inlet Dependency) )

If inlet pressure drops ¥, the outlet pressure goes up 4
OR

If inlet pressure goes up 4, the outlet pressure drops ¥

F1 = Spring Force

Theory F2 = Poppet Spring Force
The inlet pressure creates a force
(F4) on the poppet valve. The
higher the inlet pressure, the

higher the force

F3 = Outlet Pressure Force

F4 = Inlet Pressure Force

This will affect the balance
equation:

F1=F2+F3+F4

© 2025 Swagelok Com pany




SPE- Supply Pressure Effect Single-Stage

Swosd

I:)inlet
300 to 200 = 100 bar
1% of 100 bar = 1 bar
P

decreases from

outiet INCreases 1 bar

1. Upstream pressure
decreases as
cylinder is depleted

(5bar) 2. Downstream

. pressure increases
1% of the inlet
decrease

200 bar



SPE- Supply Pressure Effect Changeover

© 2U4D dSwagelok vompany

Outlet

4 §

C

APspr = SPE % * APpottie

Supply-Pressure Effect

Pressure Control Range

APgpr = 0.5% * (300 bar — 10 bar) = 1.45 bar

Rise in outlet pressure with
drop in inlet pressure

Up to 250 psig
100 psig (17.2 bar)

le:i!;:i.gent (6.8 bar) and Higher

(Cv) Supply Pressure Effect, %
0.02 0.3 05
0.06 1.0 15
0.20 1.7 55
0.50 23 33

MS-06-114

Swosd
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Creep

» Qutlet pressure increases over time
* |f the poppet does not fully seat in the orifice, inlet pressure may continue to bleed
through the orifice.

* Over time, this leakage can increase to the point where the outlet pressure
equals the inlet pressure

OUTLET PRESSURE

TIME
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Relief Valve Setting

Swosd

e |f relief valve is located
downstream, consider SPE

 Typical set pressure: 110%
working pressure (10% over)

* If regulator is set at 100%
working pressure, SPE may
cause the relief valve to open

« Mitigate SPE or relief valve
setting may need to increase
to accommodate

oooooooooooooooooooo

Wao\OK | |
GPINREIL2548454 | |
RIAL NO: 01977 i

& | VP INLET: 248 Bar i
WP OUTLET: 34 Bar R

N/=SET: 4 Bar
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SPE- Supply Pressure Effect Dual-Stage

Down
200 bar

(5 bar)

(on)

(300 bar)

100 bar

1% SPE 1% SPE
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Filtration — Increase Uptime and Improve Safety §

FilterS are Used tO remove Materials of Construction
particulate matter from the gas —— w i
stream in which they are Stem T

deployed.

Sprin
el / _~ Spring button

e Range spring

_— Body cap

e w W wi

1 -~ Seat retainer

Match the filter to the task seat—{{ g

®i — Poppet spring

| Outlet
Filter

- ] ~ Poppet
carrier, filter © damper

00000000000000000000



Swosd

Auto Changeover

Changeover

Auto-
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AutoChangeover Nagdd

* One- or two-stage regulator panel

 What does it do?
 Two Inlet sources
 Use one source at a time

« Automatically changes from
one to the other — no operator
iIntervention required

« User selectable “primary” source

© 2025 Swagelok Company




: : Swaspdk
H2 Micro-grid T

Went to safe

location 0.6 kg / hr (10kW)

a $~|u

For fmumg ) purposes only (low as
.- . ’ possible to

maximize
bottle usage)

Generator
(e.g. 10kW)

Changeover
pressure:

(Flexible line)

H, 12-pack H, 12-pack

© 2025 Swagelok Company 34
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Point of Use




Swosd
Compact system and accurate pressure control

Swagelok Point of Use (SPU)

Operation:
« Critical last stage pressure control

Provides standardization and consistent operation

Can be set up for either top-down or down-top flow

Compact design saves space

Multiple mounting options

00000000000000000000



Regulator maintenance to avoid downtime

Swosd

* Regulators need maintenance,
intervals vary according to application,
system media and usage

« Keep maintenance kit om stock at start

up and decide on maintenance Maintenance Kits

- Train al end users in the correct usage = =="™""""  EEFsa i
of a SPU or change over application to =~ = = SR
avoid damaging the regulators in your el i

system

© 2025 Swagelok Company 37

Maintenance Instructions
Maintenance instructions for all
Swagelok regulators are availlable from
your Swagelok website.

Maintenance Tools

Specially designed tools and tool kits
are available to assist in the service
and repair of Swagelok regulators.
Contact your authorized Swagelok
representative for more information.



Gas Distribution System Evaluation and Advisory

Swosd

Srvicw Rmpor)

Gas Distribution System
Evaluation and Advisory
Services™

[COMPANY NAME]

Gas Distribution System Evaluation and Advisory Services™ — Service Report

HE supply system

Problem Statement: The customer expresses that the current HLT provides random false failure readings and the point of use regulator is difficult to
dial in the pressure precisely

Process Conditions:
Pressure: 206barg
Temperature: 20°C

Flow: Static conditions

Evaluation Table

Pressure ratings A Full bottle pressure of 206bar fo | Add a first stage high
downstream the the point of use regulator creates | pressure regulator near to
regulator: 1.7- 15.5barg | unnecessary high-pressure lines | the supply bottle to

% Ak A reduce the incoming
lzJostgaer;m pressure: inside the lab environment. pressure to £30barg

Swosdd

© 2025 Swagelok Company
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Review

* Hose and Filter selection are essential
for a safe and cost-efficient gas
distribution

» Gas distribution applications require
consideration of regulator performance
» Supply Pressure Effect (SPE)
* Lockup
* Droop
« Regulator characteristics affect other
choices in the application
 Number of regulators
* Flow performance
 Relief valve setting
« Changeover specification

oooooooooooooooooooo



How can Swagelok support your Gas Distribution

Application

Swosd

e (Customizable user’s manual

 Drawings

 Complete bill of materials

e Spare

parts list if needed

© 2025 Swagelok Company

0. FROM AND AGAINST ANY C|

[THES ASSEMIBLY DESIGN, FLINCTION, AN AFPLICATION ARE THE EXPRESS SOLE RESPONSIBILITY OF THE PURCHASER. PURLHASER (5 SOLELY RESPOMSIBLE FOR THE FIT AMD FLINCTION OF ANY
(COMPONENTS. PURCHASER AGREES TO HOLD HARMLESS AND INDEMMNIFY SWAGELDK SOLTHWEST

REVECHS
TO ANY OF THE
REV. | DESCRIPTION DATE | APPROVED
o | AL BELEAE | rremois | ML

MOTES: 1. HOSE ENDS AND CGA FATTIINGS ARE NOT SHOWN FOR CLARITY

2. USE STANDARD BEMD RADIUS FOR ALL BENDS

3. PRESSURE TEST WITH N2 TO 15P5I

028 (7.1)
>~ MEM | PART NUMBER DESCRIFTION SUPPLIER arr
| \ G062 | |ecmineL412AD0010 KCM REGULATOR MNLD mi:.‘:ﬁ‘gf’éo 1
‘ 7 [aLina0sos3 ALMB MNT PRL EXCELFAR I
1.25 (31.8) - - SWAGELOK
100254 // l 3 [CBALBUGIAO7IO- 14 PRV SET @ 15F51 soieEi o, 5
388 (98.5) —— m
oonen ) — 4 fsacs 14 BALL VALVE AR |
d . 5 554003 114 URBOM TEE soimwr;:}éu &
I vy e 6 [5s-400-4 144 TUBE FITING CROSS s te | 1
riveerd
28 7 psalaia 1/ BANPT TUBE ADAPTER R
|- 8 [s8-400-1-4 144 UMIOH samare. 1
7 |MLI3IoI4B AT WHT DELEI TUBE CLAMP EXCELFAB s
ho pse 10 jaLnisione2 1/4 DELRIM TUBE BRET EXCELFAB 7
panal neight e o TWAGELOK
heignt " [ss-401-pc 1/ PORT CONN il T
6.50 (165) . SWAGELOK
i 12 [55-T45-035- 1FT 14 55 TUBING 035w soubwET Co AR
o 13 [55-FITALSLA-48 114" FI HOSE &8 s, | 4
g 14 [SS-FMATAPF4-48 174 TUBE X 114" FNPT FM HOSE 48 | ARk, | 2
m g Q ° 15 592 580 CGA NUT oy e |2
CWAGELOK
16 [5-153 S80 CGA 55 NPPLE ..o, SN
17 [984a3zalce #10LK WSHR 300 MCMASTER [AnY) | 24
200782 —| 18 [poPasATED #10FLAT WSHE 3600 MCMASTER [ANY) | 4
109(277)
388 986 ——| 19 [r2196A268 10-32 SHCS 1/2 53 MCMASTER [an) | 4
812208
0 [#2194A278 10-32 SHCS | L35 MCMASTER [AnY) | 22
o Ty e TWAGELDE
21 [53-600-3-4-4 YE X | /& REDUCING TEE e, | 4
2 54009 14 ELBOW mi‘,}‘;&gf’ég !
7 [ss-400-8-4 1/4° X 3/8 REDUCER e
. SWAGELOK
_ _ 24 [55-601-PC 38 PORT CONNECTOR SOUTHWEST CO. !
CONCEPT DRAWING [ i piriaria | DESCRPRCH:
= : B PR ca N2 CHNG OVR MNFLD
T e -
8%@‘2\0\& G RACE ki 12 ARENI40501-10 ]|
[T LT
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Questions?

Aidan Lourier
aidan.lourier@swagelok.nl

Marco van den Broek
marco.van.den.broek@swagelok.nl
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Swagelok Nederland

nl.swagelok.com |1 088 9090 707 | info@swagelok.nl


https://nl.swagelok.com/
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