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Co-operation Title : Design and installation of desiccant air dryer for compressor
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Abstract

Moisture in the air is undesirable for the compressed air system. It has significant effect
on the malfunction of the system and it also shortens the equipment’s service life. Sometimes,
moisture is condensed in the air tank. The objectives of this research are to study and to install
a desiccant air dryer to the compressor test stand and to estimate the efficiency of the newly
design air dryer. This can be done by measuring the temperature and relative humidity at the
outlet of air dryer compared to those obtained from the KNORR-BREMSE, which is normally
used the air dryer in train. The acceptable moisture content (relative humidity) at the outlet
of air dryer should be below 35%. According to the full load test of KNORR-BREMSE air dryer,
it is found that the humidity can be decreased to below 35% within 2 minutes. Comparing to
the newly designed air dryer at full load test, the humidity is reduced to about 22% within 2
minutes. In order to simulate the operation of the KNORR-BREMSE air dryer, the valve is partially
closed or the air flow rate is reduced in order to allow the air to be exposed to the desiccant
for longer time. These can effectively reduce air humidity with relative humidity falling below

209%.

Keywords : desiccant air dryer, air compressor, humidity
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“AUAUAUIVS (Relative humidity)”

2.2.1 AMUTUFUNNS (Relative humidity) [7]
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actual water vapour

% Relative humidity = * 100 (2.1)

saturated water vapour @temperature

2.1.2 aunniAuIAN (Dew point temperature) [1]
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NSTUIUNIINITAUAIINAUMELIATEIBRINALUEANAR TWITENTINTZUIUNT isentropic
process[8] Fan1sifinmuRuLuTNadenI TNV QUMY VEIRINIANAIRINLANAIIUAY Fadl
v o ¢ o < & vd 1w & o A A
AUETUSALANNIST 2.2 warangui 2.3 dunandbitiuindimneniatiugnaavieliiuaiim

[ 2 & - =] & 1 [ H
ﬂu'[mu'1ﬂ'uu%ﬂammammw’lumm AAULUULIUUNEAUN
k-1

Bs (E)T (2.2)
Ty Py .

o))}

Tao?l T, 2 gunineudneIn
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P, D ANAUVBIBINIANOUDA
P,  Ad ANUAUYDIBINIFANEIDN
k fia ArmsfiveseIna whitu 1.35
N5EUIUNT3 isentropic process Wunszuaunslugauaf Lifinsiiaauseulu

YUV (entropy = 0)
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Ly &1
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p | A L 'l/.-\um.nl process

Isentropic process
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JUN 2.4 myhnuvedaIessneInIALay T-s diagram [8]
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2.3.1 Lﬁ?aaé’ma’lmﬁﬁﬁﬂgnquwu 2 Yunau(2-stage reciprocating air compressor)
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2.3.3 \AT9auenu (Moisture separators)
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2.3.4 \ATa9ANWAY (Air dryer) [1]
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auwh Tneidoshasuiiitealdiululssnuanamnesd 2 Ussiam dall

1. \nTasinasuieriingnsinanuBu (Refrigerant air dryer)
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Compressed
Compressed air outlet

air inlet T=27°C

T=35°C] 1 4

"N ST =2 Sa "Eam——

1 Air/air heat exchanger
m—— COMpressed air circuit 2 Air/refrigerant exchanger

== == Refrigerant circuit graggienaeddtan
4 Refrigerant compressor

5 Refrigerant liquefier
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2. \nsesihauuierdindag15ganuy (Desiccant air dryer)
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2.3.5 \{lna3gARIUTY (Desiccant) [12]
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dinansgeanuunldlulssnugnamnssutuiivatsyssiny Jausasussianid
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2. angaenuTurilaruaailuiaaslin (Caldum chloride desiccant)
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&’ " Gy o '

a15gAR1uYUYTELAN molecular sieve Huatsdaasizyseian
crystalline alumino-silicates n38138n11 zeolite Inadin1sdngureternaud
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Contaminated 3
Particles

<l wa - = & =l 4 d
UV 2.11 uaeenuauunves molecular sieve waau’lwa’ﬁwﬁiwaqaLﬁmﬂaauwmu"lﬂw]

a139AANLTU molecular sieve Wuiley 4 vila fail

be

al

=l = [ = o v &
e 3A: HTUNNUDIZN 3 9dmIRY m‘(.‘iﬂumuwmaami@ﬂm'}muaaﬂmmaﬁ

lalasansuauilddusviowiateanssed

= = @ o o v A
o A flvunnuesd 4 svansed Feldlurunfeinisgaanurulusyuuan

~ el - ) o v &
o 5A: flnunvedydl 5 dvanseu TeltluaundesnisgeentueenINdns

lelasensueuiious (paraffin hydrocarbon)

o 13X : flrunves; InalAes 10 Saansou TdmSuaun1anIsuang

A15790 2. 2 AaanTRvesansganutuLin molecular sieve waznalul4[9]

Applications Product Examples Used Types
1 | Dehydration & Refinery for Petro-Chemical Plant PE. PP. Butane. Others 3A, 4Aor 13X
2 | Dryer for Industrial Gas Hydrogen. AIR. LPG. NH3 3Aor 4A
3 | Dehydration & Refinery for Chemical’s solution Li Battery Solution 3Aor4A
4 | Dryer system for ethanol (PSA} Ethanol
5 | Gas Generator (PSA) Oxygen. Dry-air 4A or 3A
6 | Dehydration for Industrial Materials & Chemicals DMC EC EMC 3Aor3A
7 | Dehydration for Paint and Sealant Urethane. Rubber. Epoxy | 3A 4Aor 5A
8 | Adsorbent for Smell VOC - Ethylene 5A, 13X or custom
9 | Dryer for Refrigerant Liquid HFC-134a. HFO-1234f 3A
10 | Air Dryer for Brake System AIR 4A
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2.5 npufiiieatesiunamanivesiag [2]
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2.5.2 auLAsen (Strain)
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2.5.3 N5INAMNULAULATAIUAIEA (Stress-strain curve)
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2.5.5 AausznauauUasnne (Safety factor ; n)
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2.8.7 AMUAUTTUIUUUAIAMUAUNTIIUNY (Stresses in thin-walled pressure

vessels)
o (-7 at Lr A 12 2 sl & 1 I‘$ s
d19TUNIA7 ”mﬁ]u‘ﬂ%ﬂl‘ﬁll'ii'ﬂq LN mﬂlﬁm’lmuwgq AUITTEINTIAUU AIUAUUDY

o e

A o 1 a s o 4 ol o e 4 v
voaluail ﬂ'ia‘f‘Vl'1Gl‘E)NUG‘U’ENﬂdﬁ]%ﬂﬂlﬂwu\‘ﬁlﬁlﬂﬂﬂiUﬂ’]‘iﬂﬁﬂ Tnsawiziuindanumundes

o o 1 o o g v W v a v = v o
Tnsnavesmnudunnszirentazyilindvesdufaaudussuiu Alduaauidud
Town AuAuLuaLduseuns (hoop stress ; Oy ; 01) wasArrutAulubuILnY

(longitudinal stress ; 07; 02)
04M59n3zUan (cylinder vessels)

- 4

Y

[R]

< v oo a & v
JU7 2.0-1 anuduiiinduluwuaiduseun [2]

Ansanusslunuiuny Z @ansanluwuiunu Y Tedmiloudv)
IF, = 0 = 0,(2tAx) — p(2rAx)

r
o= = (2.10)

22



‘!J([‘ \

al -
JUn 2.22 AuAuintuluwuIwny [2]

Aorsanussluninuny X
YF, = 0 = 0,(2mrt) — p(mr?)

pr
2t

gL (2.11)

< = 1 @ =l
lagn 07 Ao AueuURURUISAT

Op  AB AIINAUAINLLIET

p A9 Anuuversivaluds
= @ =l o

r Aa St eluress

t A AIUNUNVBIL

2.9 nu)ANNdenY [8]

rrsdsmgeeiaguuiinaaneuAunInnI M efiianianuAuRan (Combined

stress) WAN1SPDNLUUTAAYNS DTUITUILINTITHINTAUIAIULAUAT A1HLAUDA UIDAMULAULADU

q
b o v

Wivsagdlastramitamindu Seinsdamguieudenstuin lagldvdninasilunisfiansand
Asiueenly e inausiAuAWIng (critical stress), LNEUNAIAATEAINGA (critical strain) uag
nasimdaningn (critical energy) dmdutanmiie vieTaniinuseuseddlad finguianuded
annsnesuseuidsmeld 2 vl fedl
1. Maximum shear stress theory for ductile materials
naefanududougean Wunisinsanaruiussuuluanali msinnenis
Sudamundemeiigaann ergeaaveseududeuluiudnudng fdunnimie

WIAUAIAIHAUEEUEEATUNTVIAAOULSIAIUDITUVIAGBY

23



0 Case 1

E <

Load line
o
)
Wy
0 & -
b A
5. & S,
~ S
&
\ Case 2
.‘"‘ —S\'
Case 3

JUN 2.23 N3alaufus s uIuveIng ¥ AL uEEn

U

s o

o al 1% a A = = s

dmsurnuiuven (0q, 0,, 03) Mieduiulagauisodmaudasduaudu
G
L]

as

4 o = v oA 1 [ PR
ssuudeilUlelunguianuruidoussgn annsauusesnidu 3 naaail

NS 1: 04 = o =0
Tunsalilavilewls o; = gyiae o3 = 0 leeninsvaruAudousEn

WBYYUUUTINVRINITN (Case 1)
nsdifi 2: 6, = 0 > op
Tunsdlisivndy 0, = g uae 03 = 0p nefinTanufuideu
F9anILBYLNA1ITIN VRN (Case 2)
N3l 3: 0> 0, > 0p
Tunsdiifssionly 0, = 0 waz g3 = o lasfinsaanduidey

i i £

FegnIzagyuanYIgveInT I (Case 3)

2. Distortion-energy theory for ductile materials
= @ 5 5 [ = [ & o v a =
NNy (distortion-energy) unisiiansanwasuvi liiinamde 3U
= =¥ A 1 e al a1 1 = 1 U Qy 1 }
Iﬂ&l%Lﬂ(ﬂ‘ﬂ'uL&.IE)F’]’]WEN'W'LUﬂWiLﬂEJE‘UlJﬂ’I&J'Iﬂm’Mi‘e)w‘l’lﬂ‘l.lﬁ}'ﬂﬂ'S'Wﬂ“UE]\i‘Uua'mmﬂuﬂﬁ

YAABUNISAINIBNTON

24



Pure shear load line (o4 = —op =17)
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Fig. 1 Construction of the model VV120 motor compressor set {schematic)
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Fig. 2 Air circulation system of motor compressor set VV120 (schemaiié)
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Fig. 4
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Fig. 4 (continued)
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2.10.2 1p509vnauusisviia 2 09 (Dual-chamber air dryer unit)
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Fig. 2 Air dryer unit LTZ 015...
mae D n [
eEE SEN
1'-&
\\J
| p ;
1 3 Ya-Vx iﬁ[
= \
43 | IH ﬁg 25
al I 34

19
25
34
43

Pressure indicator
Desiccant tower
Bracket

Duplex piston valve
Valve magnet

A
P4

Drainage port
Connection from

air compressor
{optionally at the front
or at right-hand side)

Connection to

main reservoir
(optionally at left- or
right-hand side)

U 2.32 1Sewianufs KNORR-BREMSE qu LTZ-015

34




AUUIENAUVBNATEINANLAS LTZ-015
o o as ] A A @ Sw w8
o 2 ddmiulddnaniganuru(19) lnsfunazdeaziiianiniiu
e Bracket(25) Us¥neusy regeneration choke Way21876199)
. nlnl = ll.‘l ot a
e Duplex piston valve(34) MUN1TAAMIAITLUIBDINIADDNIINTLUULATAD
AIUANRIUNYI]

e valve magnet(d3) and an electrical board @wiuni1sduianluldassay

N5V
Fig. 3 Pneumatic control diagram
for LTZ 015...
*Pz
|
P1
- _
e Yl
4l &
: |
| .r
A
A L@
I Desiccant tower VIl Precontrol valve
(19) Vil Silencer
i Bypass valve
Il Regeneration P1  Compressed air
choke (50) inlet
IV Check valve P2 Compressed air
V  Valve magnet (43) outlet
VI Duplex piston A Drainage
valve (34)

UM 2.33 wnufsnnsviauvesyaasesinauuis LTZ-015

35



PANNITAINIY

Lﬂ%aqﬁwamﬁwﬁmLﬁﬂmigmmm%u 2 94 LL‘uunszmzum'imﬁymﬂl.ﬁmﬁﬁﬂm
Ay Tnglildannudou 33 2 ﬂizuamnqiﬁqgmﬂmm%uLLasnﬂsﬁuvaﬁmms@mmm%u
Tvhaundeuiunuasss

mmﬂﬁﬁmmﬁugﬂé’mwmmﬁuqa Inaruasessniiuazity 91nduluaru
ﬁmsﬂﬁuﬁlunﬁsmmmsqmmm‘?’j}uaanmnmmﬂ Fevonunazdesiaududaimisinin
35% maﬁ?ummﬂ%gnuﬂaaanﬂu 2 du ImadawﬁwﬂwaﬁﬂﬂLﬁU’Luﬁqmmﬁuqﬁia

v o

A ja ' v o a o A
HUsuUHIN LLﬁ%ﬂﬁjuuaUmaﬂ@qﬂqu\]ﬁgﬂLLEIﬂlﬂa‘lﬂwaﬂﬂ\jWLUUﬂiﬁUjmﬂqi ﬂ’]'ﬁWuﬂJ

Winansgaa Ly

Fig. 4 Diagram of one working cycle

B19a
B1gb

B Regeneration phase  B.. Desiccant tower
El  Drying phase T Working cycle

E‘U‘ﬁ P- 1 NISVITNIUYaINTEUIUM T Drying way Regeneration

nsvinuluidazsou
o = a a 13 o
Tu 1 sevveInIsnuIAgUn Lallumla-Unveannaivunelas 43 azQnms
13 Tneflszernariuiueu Wisiniesdnonangaintnudivay fMuuaIaLdIA A LAl
EII al o 1 5 1 % A s s o =l 5 ot o/
Mulalunisiuseunsuntl 9INYUGATENEADINIA NGUNYINNUBNATY Atunan

o a 1 - d. s ﬂ’l L e A d‘l o/
EVINITUUIRIRNBDINNLAL Lwaﬂaaﬂ‘ummwmuwnmwm‘i@mmm‘uuwiﬂéf

36



Fig. 5
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3.2 A1SATUINAUNUIVDINIVDILATDIVINAULAS [2]

= d s = =
ARVIAITHNUIVDIAY 2 UARLUAT

Yy

Anuale oy = 0, = hoop stress
g, = g, = longitudinal stress

mﬂaumsﬁ (2.10) way (2.11)

_ o
k!
pr
g, = —
A 2t

a & @ 5

ARTIAUAY 15 113 (p = 15 bar.) ¥58 1.5 wnzU1an1a(l.5 MPa)
_a A o = =

IppAnfir UM 2 Tadiums (t = 2 mm.)

PUIRLALHTUAUEN B ITAWMNAU 15.5 1wudns (r= 7.75 cm.)

o H. =3 g

AL ANUAUTIAATUA LN X
pr(1.5%10°)%(7.75%107%)
T 2%(2%1073)

Oy =

W= 29411 90° b3

o ; 3 aa &
91nN5AIN longitudinal stress MARTUAMULIUAY X SIAIUAUAIY
WLOWNUWAAY 29.1 WwngUnaana

AUV A LLAUTLAATUA LU Y
pr _ (1.5%10°)%(7.75%1072)
0'1 = — = =
t 2%10

g, = 58.1%10°Pa
91NN13A1IEL hoop stress AARTUANKLALAY Y A21UAUATL

LUALAWYINAY 58.1 wnzUndma
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nsAaiaglinguimiudemetu aldnguindsnunie Distortion energy
ilosannlusuniseenuuutanvieirdesdnstiu nquindautuiiauaseuaquuinn i
annsaldiuausenuuuilulad

ANUIUAENGBYAMUFENY Distortion-energy [8]

idlasan 0y uae Oy shafumudundniddaunisi (2.13)
gy == 29.1%10°Pa
op = g, = 58.1 % 10° Pa
o' = (0% = o105 + 05%)/?

1
o' = ((29.1)2 — (29.1%58.1) + (58.1)2)2
o' = 50.3 MPa

PNMIAUINMEng At ey Distortion-energy yilAnsuen
A AHANTI AR TuULRA TR d R L SuElA A 50,3 wingUdmna
ATUINIAUTENBUAMUUABANBVDINITHINIAIUAY

Tviemdnnsanszuen AISI 1045 SA5C, G10450 TIRIUNTEUINNTTHER

LUUIATOU AANUAL N ARTIN LY 310 MPa

S
o' = =
n
310
b)) L8
n
SERAY S
*oE03. . S

SR 15 U715 Aeanusuuae 2 adluns dafusznauainy
Yaonngnnu 6.16

AMUMUNYRIFS AT NN 2 Radiuns Tarfiiisane 91ndtveq
fusvneumuUasadeiinniu 1 uiidlasannsiamianiiauilividunios
Arauwsiay Ldviemsnvsanssueniimnumun 2 faduns dewinisdede da
ﬁawa‘[ﬁy)am‘uaamé‘ﬂﬁguga nvedsliluiinuiitos neimnstgua Judentia
Tdvieimannsanssuean ASI 1045 S45C, G10450 \durugudnansauia 15.5
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AnNAUNUNYR9NY 4 Tadiwuns [2]
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w4

pr

TC= &
§ 2t

= | a L3 =)
ARNANAY 15 U1s (p = 15 bar.) 38 1.5 lnsurdaa(l.5 MPa)
TneAnTiANLMLNTRINT 4 Tadlns (t = 4 mm.)
yunaduruAugnanTeialiaiIny 155 wudluns (r= 7.75 cm.)
. iger3
AUIIATALTIAADUAINMLALAL X

pr— (1.5%10%)%(7.75%107%)

O\ =irs = —
2t 2%(4%10~3)

g, = M5¥10%Pa

nMsAaas longitudinal stress ARATUAMMUUILAL X ATIHLAUAT
WARNWWINAY 14.5 wingd1amna

o H. = 3
ﬂ'lu')mﬂ’lﬂ']’]ul,ﬁu‘iﬂlaﬂﬂ“ZJ‘L!ﬂ'\ﬂJLL‘LI’JLLﬂu Y

pr _ (1.5%10°)#(7.75%1072)
£ 4%10~3

01
oy = 29.1+ 10° Pa

9INNIFAININ hoop stress AARTUALLLILAL Y TAIALALAT

WUAWAUWNAY 29.1 WwngUranna
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o v = = . .
ATUIUAIENOB)AULEENTE Distortion-energy [8]

ilasan g, uaz gy sauauidumdnisldaunisd (2.13)
gy = 0, = 14.5=* 10° Pa
og = 0y = 29.1%10° Pa

g = ((]'Az — 0y40pR e 0'32)1/2

1
o' = ((14.5)% — (14.5 * 29.1) + (29.1)?)2
o' = 25.2 MPa

INNIAIWINGIENE Wi AUEeMe Distortion-energy YNNI uen
v ﬂ: - ﬂ’( _ ot /s U 1] s
ANLIAUNELTINATUULRRURISIAINAUIAYINAY 25.2 wnsd1aana

ANUIUNIAIUTENAUAZILUADAA B UDINTTHINIAITUAY

249 | a a
livierndnnsanszuen AISI 1045 S45C, G10450 ARIUNTEUIUNTHER
wuu3esou fianudu sl 39A3IN WU 310 MPa

S
o = =2
n
310
5 DG
n
e
LA

FIANUAUTUIR 15 U5 AAIUNUIUUIA 4 Haatuns dA1aiusenauning
Yaaadewiniu 12.2
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Temperature and relative humidity of air from air dryer
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Time (sec) L0 %RH | Time (sec) i > %RH
Temperature (°C) Temperature (°C)

0:00 24 63.2 1:40 2% 24.6
0:10 255 38 150 26 221
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0:50 23 25.4 2:30 A1 22.5
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Temperature and relative humidity of air from a created air dryer

=>&=Dry bulb temperature (°C )
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Time (sec) ok 3 %RH | Time (sec) O o %RH
Temperature (°C) Temperature (°C)

0:00 34 43 1:40 40 13.1
0:10 34 25,1 1:50 40 11.6
0:20 35 17.6 2:00 40 10.8
0:30 36 15.9 2:10 40.5 12.5
0:40 37 17.2 2:20 41 122
0:50 375 16.5 2:30 41 12.9
1:00 38 14.8 2:40 a1 13
1:10 39 15.3 2:50 a0 12.4
1:20 39 16.3 3:00 a0 14.2
1:30 395 14.4




Temperature and relative humidity of air from a created air dryer
=>é=Dry bulb temperature (°C)  =@=Relative humidity (%)
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