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4:10
Recovered energy kWhlyear:
W = [(Kx Q)+ (K; x Q)] x T
Savinglyear: W x e /n
Shaft power 100% Saved oil m¥year: W/6800 x 1
Radiant Remain in
losses 2% compressed \w = Recovered energy (kWhlyear)
Nre% Tg = Time per year when there is a need
of power recovery (hours/year)
K, = Partof Ty with loaded compressor
K, = Part of T with off-loaded
compressor
Q, = Available power in coolant with
loaded compressor (kW)

W Q, = Available power in coolant with

off-loaded compressor (kW)
e, = Energy price

n = Normal heat source’s efficiency.
Recoverable energy 94%
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(Maintenance ) ¢, V-Y-¥

1635 ol g yasi s siz Shlud 0ol 2l 51 5 adgl olpe 5 ol 565 g a8« S claplSiund plos aiilen
355 (6 gl oBd 3 iy 2wl 5 > s el Bl Sl s cnr g

5 ] (gl olR3 45 1yl azsls Jas) sl o« ol Sty olebad g Slods ltte)lS 5090 s 5l oozl
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il gl 4o L hia)ls b 5 Lads 05 . aimd (oo (Bjgel 0 1y GBI prasi 5 (o)aSS (i3 4 bgye laie)S
g M Iy (o 1y (alojr b (555 g b e o e cpl 4y e ind )3 cw) )90 0059 sk | Ll U Ly
M Wl ey 4y 0B S Sljaas g by phane 45 g

( Auxiliary equipment ) oS Ol V-V-Y-¥

L g ol yial5dl 1) los S Jlto (glyms 03 3 yiS 1) LealSiws ¢ SaS @lspos 5l ool b )y 4 oy oo
reos 9 SRS Gl 2l dujp g B gy 455 58 (SeS Slimad (o g ul L2 (Sl et
B3l ¢ S Sid Ml olKiwd auge ¢ b il Ganes JSiS 4 il o b dujp ol Jlie (sl e A8 e b
LBl plaie)l Sjeel 9 S0 Sl |

U coov oS g clen Kiwd g mjer aSud wlo « 1515 3939 55 (6,503 pwen 9 (5SS slb Auja pl p ogdle
Olwloe 3 ol La iy ja cpl ded . 855 (00518 (Lo 9 (189) 085 slo Ao 5 03,35 (dlap CudS gl 4 jn
A3 (oo S 1) (S ailo s il (6l & 0,5 18 (b)) 3590

( Other economic factors ) $539 sobad! Jolgs V¥

(General ) JS owym Y-Y-¥

LCA ¢ jos a2 (o SoS &y (03l (> ) Slas o) 1) Flods b odle S e g G wily5 o0 Lo
Ak (o (gne cply - 83 (o0 )8 (pyp 2y90 |y MG e 2 339250 e (eled LCA L aple Jdod g oy
2l o bl ol Jabs ol blo e b adg) Sga bl ¢ s ded o

L s e Jlio sl 0,25 (0 5158 ol 550 Cilisen (sl 4335 (G sl duglie lgis dr QST (g0 domst
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b yy Jgmaome p5U5 LS 0)l3 (65 mms sl |y (owlsl g 0l 0dos jokay jae B2 oy | S0l b
J-o 69500 Clegsge p aSil ol Cond OVl (olod (665 Gl s yos & iy - W83 (o0 SIS s
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(LCC) yos a5 > 4 Y-Y-¥
el gla a5 (b5l sly Ol Olgis 4 it 0)lgen(LCC = jas b2 aujn ) oo & 2 4o Slisbre
corls loyd (b g plys cla aige, Jold jes a2 alia Ol . Wgd (oo odlatul (6)l5 4ilo

Cail o Oledd alie g (00 Sles Aigie ¢ ol A a it
laKiwd 4 Lo e iy s 9 3510518 olSiwd HS L oKty Sl lel el jos ad > al s Oluolxe
Ay L el jos ad i dly 5o dulie &S oS 0)Lil £ao90 (pl 4 &S Canl Cawyd D39 (pl b L LS oo e Ty o0
L a4l 2gd (o 03] > gllas ysbo 42, 53l £ Sl g Camdg 3l (sayel G 5 S sl aie 4

3l o ool Cgml (s ol (e Sl 4ig3h 5 55 ol 5 bls 85 ol

s iy A 00, (glon SLalKind o)l yd (gl 4o g CleMbl oS Cunl p3Y jas 43 > Al dwlxe el (gl
S35 o Plue a3l anils ) jolie wSo 0l s g )l 3 (b &S 1) ot o e 4SSl sl e 452 ain
¢ NS loyw an o« g deal ¢ udg CutS s elge 9 (65105 ayle pur cllisie (gl 43S (SSsSe jl a)le
Oldas s 5 addg Sl Jlais! obj)l ¢ ol Jeaze cuts « Blibl oo ¢ x50 a9 g8 Oljaas (6 eSS
Sl oy gy 90 SEalS g (g5l Cdbib goyb 5l Wlg e S gdel 13 K00 iyl 4

Example of a compressor calculation

@A O sla sala
Algay SIS Caa SEK/kWh 0.45
a0 g Apulaa % 12
eler JAalS o 590 years 10
Gllee ola ) hours/year 6 000
Comp co;'m Comp Dryers TOTAL
1 3
Ay ) MWh/year 1200 555 406 133 2294
(,_,..:.aJS (.'l.ugu);_n] m:’/year - - - - =
02 apuds (Sllee (sla 43y 58
Ay ) kSEK/year 540 250 183 60 1033
<l kSEK/year 6 4 2 0 12
@3 Sl O AL (sla 4358 kSEK/year | 760 383 197 114 1 454
illes sla 4iy5a KSEK/year 547 254 185 60 1046
G Al yu sla 43y 5 kSEK 167 99 2 44 312
G g usg saa kSEK/year 45 30 11 11 97
iSe 15a 2l g5 Mm?3/year (12600 | 5 760 3670 - 22 030
@A 5L
I Caa SEK/kWh 0.4 0.4 0.4 - -
il 5l 0 pad months/year 10 10 8 - -
Sl Ol e % 94 94 94 - -
@500 il 3L cuis MWh/year 893 395 233 - 1521
A S L 4L 44y 58 kSEK/year | 413 234 109 114 870
@55 CaLL L (g b ja kSEK/year 347 149 88 584
1A a siady sla 4138 Sre/m3 6.0 6.6 5.4 0.5 6.6
@58 il 5l O s . i
i sy g A Ay ére/m 3.3 41 3.0 3.9
@5 il 5L b

Note:values have been rounded off.
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( Example of dimensioning compressed air installations )

(Sig S unly s (o Lo 33,5 oo &l 15 )5 & 03,88 (sl Sluusnls Sy 350y (el Jpoms Asulore (g3las

Lol < oa)_~‘?é d‘?—“ Lg..\‘w)l.y U»Lol » Lg‘ A gad. maRdd OLJlIJl) J.é Lghb J.as Lghb odl> 9 > Jyo)s an )'l ool

03 yiid (glon C;L..%.w.i}' = Silg o &S sl Sl ol p,cud )b 3)9]).3 b odly (g s 9ol 8 oud
WWigd S Alg o yold 0)lae digSs dad o lid aS 0yl dgng Slsl Cdlas (golasd ¢ digedl dny . Migus ol

(Input data ) 39,9 S 0918 Y—-0

Ol 22 (e o ¢ (sajls ol yr ogde L 10,8l lame Ll g 03,85 (lg ludie b 1350 £9,8 51 i3
a8 A5k il S5 g b S5 ol ol olftwd LT g A8l akigds (6,5, b aigh Sty uly yomppeS LT 45

.39,:3

( Requirement ) Oluiidio Y-Y-0
s Cawl 03 uid (glgn 0SB e dw ol jlo &S 008 15,8
P sl ool (gl Lyl

228 b jae dh i aad 4kl
1 12 Nm#/min 6 bar(e) +5°C
D 67 lis (FAD) 7 bar(a) +5°C
3 95 I/s (FAD) 4 bar(e) +5°C

( Ambient conditions ( dimensioning ))  ( Cudyb 3,91y ) Jrusco bylpi Y-Y-0

Ve °C : Albl lasee (slod (55 ol]
v °C: dlibl o slod Sl

y bar(a) : dl,bl e Hlis
FoliiCagb,

(Miscellaneous ) 43,8 3)lg0  Y-Y-0
|9.m oS 3 olKuwd

Ay oo shai 4 (B eigd () KiE g, yow eS| odel Cundy 03058 (clgn CudS

YYA




( Component selection ) 6widd ki ¢l 3>l bl -0
Sl dd &S (gysb ¢ ouiS duolos 0,bg0 V-Y-0 iow Cluaiie Jeda 1) (63959 (sl 03l plod a8 Cuwl 095 oide
X Red elinl g9 4 dngi b o odly ol ¢ il ¢linl cud )b 3491y g9

1Y o)l 0diS Brae > (ren & g« 29 (oo 03l U soly 5l ygusaS )b (e sl S5 pkr 2 Ol 2
- 3,8 dunlre 0,93 b Cawl o &1l /minm’® N cuws
12 Nm®/min = 12 x 1000 / 60 = 200 NI/s
el e Jga s 3 0l 93959 03 ()5 3l L
Q, x(273 +T,)x1/013  200x(273 +35)x1/013
273 xP - 273 x0/74

Qpap= ~ 309 1/s(FAD)

.bar(e) Jko lp ¢ cunl

L ogs S Y bar ol 5l b b jLis .V bar(a) Jie c 09 o0 by Bllao jlid o 1 ¥ 0jloud 00lS B o

. deu aligs Y — ) bar(e) = 6 bar(e)

:..\gj‘_;o).)).l)'ﬁa)yagO&QMJ’&‘&)?Q)?&YQ))S&)WMW[{

s 2 b yoaa Jhn L Olasa adads
1 225 I/s (FAD) 6 bar(e) +5°C
2 67 Ils (FAD) 6 bar(e) +5°C
3 95 /s (FAD) 4 bar(e) +5°C

( Dimensioning the compressor ) ygw wwoS Cud b 3,91, 1-Y-0
YYO + 5Y +0 =YAY I/s owd)mméwl;&*»'):‘f&d)m

Ly sl pilys 000 658 0300l ol olpeo ciyi s ¢ 30,5 a8l3) o 4y ol 3 V=YY ) il ed] o
(ks a7 L) 387 x1/15~ 445 1/s

pylid 8l Ol U oad (658 oIl 008 CBpas . ol & bar(e) « b ouilS Bpao sly 3L 090 Hlid xSlas
b 5l 58 YL a4 &S Cunl (g 0uilS B pas

A



P Hlid S SlejauS 16,8.00,5 Jaie 3)b 5l ¥ bar(e) a4 a5 gl odiS Bpas 4y Wb Hlid ials b S
Hlid Sl b gy pmeS cplplo . s VO bar jl i ggoome po il pl kS o il dly) g Blo ¢ o Siis
. Cawl cwlio < V/O bar(e) s,

( Assumption for the continued calculation ) yoiuwo dmwlbre gl o Y-Y-0
P39 (o Ll 5 (glo 03 b (59008

Y/d bar (e) = ,lié @Sl

Yo I/s=7bar(e) » by S

\Wa KW =7 bar(e) ;5 JS ok 4 oy

VoY KW =7 bar(e) 10 odid)3 joome ouih 4935 lgs

VIO e Ol de 3 b Casl ply jg 008 Sl gm s 03088 (Sl Ol

oolizol |y . ol 4B e 8 2 LulS 3 18T b il Jb o/ om0l S elyld o A5l ygus e ¢ ] jl Az5iS
sl s 37/0 = T/5 D) (s &S Gl (5 (2l 00 5D ygu0 e ¢ 55k b (ot | DY JyS

( Dimensioning of the air receiver volume ) Ig» 5,33 35w po Cud b 3,9l Y-Y-0

Q¢ = jywyeS cud b (1/s) = Y- I/s

P, = jguw S (639,9 jlid (bar (a)) = 1 bar(a)
T, = jowpmeS (8999 slod sSTas (K) =273 +30=303 K

T = jwlfyd Sl =ad 17456 30

(Py PL)=od il )b o yowpmeS g o0 (2l jow oS oy jlid cglas (bar ) = 0/05 bar

YWWHE=VIWWK i b ol plplab 0030 55w 10 @yl doj0 Sls cle o 4

> (o0 &l gn 030 (5 o sl (e Jge b ¢ Cunl il sk 2/ (a3)k S8 s & (6 gm0 a8

0/25xQ. T, 0/25x450x313

f . x(py PXT ~ 1/30%0.5%303

05 5] (Jg0,8) 31 B gty 3)5bius] 05151 . Cansl Iy 0,53 (550 05 gty o> Bl 3

=6972 1

( Dimensioning of the dryer ) 5 &Suid Cud )b 5,91 F-Y-0
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sl S S A 15 reslie (50,5 O K ¢ el 45 °C ¢ Jto 3 5 90 i b oS Ll
)b (3,5 el Sl ¢ ped B A g 000 |y cupd piiz Bl gy S SiS  ojluil Qb P
C s S Sedd i pb gl el b o ps ol 488 ool onal (sl i Sl ey oS S
odlaiwl 3y9-0 Atlas Copco gy sl S Kid gly odlitwl LB puseal b o pd ) 50 . Gl 3)8 jastio

- ol 015 S gusnal copo Hlo el L Xgd (e by Atlas Copeo (sl o3> asio y sl a5 43,5 1,3

+ YU s dlalli g (g9 55 (S SWS (6399 (Slod )

ol ¢ ol Blybl baso @yl s p3 1 YL V" C ¢ 4las 3590 yomwpmaS 5| g g 03,88 (lgn (slod &8 bl
wgdlae )L o adall ¢ oyl o 0gMe Yok Vo=F e TC Ly ol 1l pShs ¢ (gay5 (S S (6399 sled
AC Ll ply

-3l o cowty Atlac Copeo (sl o3> i | +/A0 punal co po

VI g s il 4 Gl VDAL & (035 555y ypmpaS 53 oodly (6,5 L

b s> -Y
210 L cul ply pusnas dae ¢ 1L Y C o &yl an gy iSlus 3

3 04 353 pustal Cwpd yhyd jomwypeS JolS Cod b e 4y (018 Wb sy o KBSl ek &
sk YL
450 : 0/95 x 1/0 : 0/95 = 406 Vs

( Assumptions for the continued calculation ) yoiuw duwlro 51y FTWoyd  O-Y-0
: Casl ol OB 5 gl o3l b (S8 lgn gy o5 o Suts S
450 1/s =7 bar(e) ;o cud b
5.1 kKW= _bpas g JS
14/1 KW = Lo 5 04 Lisy sbo)S b
0/09 bar = of Kuis , ,lis cal

( Control calculations ) J 8 Glwwle  £-Y-0

Y¥Y



W JL)&)WQ&'&MSG»))J Lb ¢ S u&b‘)aw)m.{om) oMbM&hw@wguﬁ9
35 ol IS loges (Ko 03,8 (cloh Sluusals ] g5 om ¢ 5 gm0l DY S 3 4 (5] 415 &

51
PRRELS @ pae 1
| : I:>
S0 A3 A ,
DD ) . z
O 50 )ﬂ:‘a hei ‘)L'm JJ)S 2218 8 pas 2
(D—pat - &

DJ:\AS&_.Q)AA 3

Y

codl Al 3 ¢ unl o conty Sladad o) JBAES A pe B )b 5l Hgu e odimd S5 (gla Ceond (gl jLid
LS (o5 ol O/1 bar jl (28 dlg) w53 5La3

¢l al (bar)_lié =l
(G s Gila aS Jla )y Ul Cidl) e g ) ila 0.14
Su (S S 0.09
(ol yax la a8 e ) i i) sl g £ ila 0.2
S on ysmppS 5o (IS Al al 0.05
o prae LS5 U (5 S je g paaS ) (S ALl s 0.1
I e I it 0.58

TS5 = Litd o ooml b 008 Gyucao gl 5 390 jouspaS 5> 7/0 bar(e) (o, s 4 V/0 bar(e) jLis Sl
&y o 1A §) Ghes 6l oy b &S |y 5Ltd cdl Llil e o8, cyl 4 b . amd o 41,11, 0/58 = 6/42 bar(e)
3505l blo 0aS adse 5l ol o |y Ui cdl Ll ) L 08 Ll amy e

( Other dimensioning ) y539 s s o5 0 310! -4

YFY



( Condensation quantity calculation ) yhd O CuoS amwle  V-F-0

i g ypuryeS 5l o Lo o O cpl bl « ol 005 O] okigdh (5 Sl pgun e Jlio cl 3 45 e ol 4

P AlE e ol o agd i ] g, b 29 WS 3l O ST I L 2 dnlgs i) (sl s oS

i i Ol i 1 i Ml ¢ (i) 0138 Lis (5 03] cyuaes yskite 41 . 3,050 oy (ygy 0AS i ol

+ Cal 3l 3590

Pl (oo Camdy pj oy oy 5l 00 3)ly slam > Of by JS ke

£ = s Cagby x ke i 218 o ¥ °C oo (sad ySTis 3 g 48 1 i x Iy oy = 0/6 x
0/030078 x 445 = 8/0 g/s .

(+5° C 5 glul Cundy ) 398 oo puS oS ol 510 0,8 S J)dmy, 03,5 (clgn 40 oile Bl T o
o _ 10/007246 x445
=
8

~0/4 g/s
1 b el ply £ ol jl odel vty whais IS b, oplplo

f, £,=8/0 0/4=7/6 g/s=27/4 kg/hour
208 Gl gy gl emolio g 0uiS b g o, bl by (6 Aol SWS 4

( Ventilation requirement in the compressor room ) gm smoS S3U! 15 498 Gludide Y-F-0
10L U1 lan 3 00 48,8 LIS dy ol 4 398 o edlizel ol 5 pguspseS 5T 13 o drses lutie s (sl
g )5 lgn dyard olKiwd 3o )b

P39 (o 0l dlaily ) Ao (il ploxil 4l

Q=mx CP x AT

Q =LS 5 ol (W)

m = pp by (kg/s)

C, = ogase glo)S cub s (KI/kgK)

AT = Ly Gl (K)

Py Oyge ol 4 Olg a1y S5 2)90 Jge 8

AT a5 lgp slod ol
AT=10K 1L Josb 3590 10 K b 0I5 o lom cclod Ltalsél & 08 58

C, = 1/006 KI/kg x K (20°C g 1bar ,3) lgn sly pogasee (alo)S cub s

YFY



Q = (KW eo o5 5 oo

((edays oS Suts 5l ool Cundy slos¥ s + spupwad o 008 Jlosl 0133,5 yome s
= 0/94 x 162 + (175 - 162 ) + 14/1 = 180 kW

Q180
¢, xAT _ 1/006 x10

~17/9kg/s

WA TAY =00 mP /s b sl Joleo VY Kg/m® (clon atsls > oS

( ( Addition 1) At high altitude ) ¥U &L, 48 () 4owed ) & -0

gL )3 48 a1 53 03,28 (slgp e lon L]y S 00y s S8 Jlte )3 &7 (5y9 a8t Jlgaw
Sl i jgwpeS (ol cdil . a3l (0 YO'C lame (slad Sl (sl g 0,05 58 Ly o 5l 5YL (520 YO -
$1al

Sy 03,58 (gly m latie 45 Glipas Cud )b 3ygly plKin 4 L &S ¢l 5 58, YU clelis)l o 1en 2 Olga
00iS Ban jd Hbya 45 (63,lge 43 . 9 43,3 a5 ¢ (Nm® /min ke (gly ) conl 03905 Cpusi (Jgomo Lasl i
 Com 3350 duolee 4 (5b5 ¢ 398 oo olo (FAD ) oljl (clga e cons

o 23V gl ol 005 @) NI /10N dly o 2 YU Jlio 3 Y o)lasd 0iiS G yuao & e ol 4
o 63 1 )3 ygyseS LS 8 sl g ¥+ C 9 ) bar Ll . 3 duusloee 0)rgd by o1i1S’ Cbyuno 3]
s> oy ol o |y Ot 35 5 e gl sy V0o oy 33 S 51l om a3
05 duwlre

sy by ST 055l Cands lgi oo byd pdaw I (gye YO+ gli)) y3 1, +/FY bar Lasxe jlid  Jgdo 5 eolizl b
Jeols s alaly ¢ 395 0x5lxS Jgo,d )3 9 33,5 dwslxe NI/s (- /min = 12000 / 60 NI/s = 200 NI/sm’ 12 N)
10,5 o
_ Q,x(273+T,)x1/013  200x(273 +35)x1/013

FAD 273 P, - 273x0/74

~309 1/s(FAD)

YeA+5Y+A0=¥V) I/s (FAD) ‘.:C.Lo.wl ).gl).g).’éi.))yo )9»)).3@.{&69»3)]9 u.&lyl.u

VPF



( ( Addition 2 ) Intermittent output ) @glie P9 (Y dwnd )  #-0

/S 39> (6 iy o0yuih (Slgp o el b 13 ) oylasd o1 e WL Jlto oluslono 13 48 138 L5 2 Jlguw
o 1 O/D DANE) b i L6 s po ) Jgbo 3 2l (oo 48 ysbailen . L3 il Lo |, 4t Fecre gl Ve
© 5l 03,90 1 1y (Bl bl wlsts b 4l ol iy Tom 083 (50 e . S

ly i 03528 (slsp (lg 103D ()50 3 g (13,5 033 b (LSS 0)93 Jsbo 13 &5 31 3925 (ISl (] 2 Dlga
Bl glod lado ool 39l sy gl d92g I b gl Cundy 4 ) WIS o ygu0 008 4T Sine 4y Cod
Al Al e sYU Cud )b jom paS &S sl oY

P39y (0 ) 4 Egdge cul o)) ;b

t
v =
L S
Q =200V adod dls ye ylo e o g2 by
t = agb¥- adod dls ye yloj ke

P P, = 6/46 — 5/5 = 0/96 bar
alss ds o b bre jlid cdl= Jgero )lid _ adss dls e (b Jod J6 i Jols

Pl (o Gty S 3590 (Slom 08 (e po ¢ Jo0y8 5 ol 5 s b
_ Qxt 200x40

= = ~ 8340
P P, 0/9

w5 1/s = 18000 liters/hour sljle cud,bs (gl ouds Gl joumw pmoS . WSy adss
3 230 ik 31 Gt s30500S ike Sl (ki 3393 (o 455 LSy Cslis Sy 5 Jgm 08 (ke b

. Gl

\%
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( (Addition 3 ) Water borne energy recovery ) 59y &1 (5351 <db b (V aowed )

2
Expansion vessel, etc.

Compressed air

Compressor
oil lubricated —D<——

te2=80°C

@ ™

Pump

Recovery heat exchanger

<

\

D<A

to2 f % tp1=55°C

mp

Y-0

028+ D didl 0 SOV gla Jle 10 &S (59w meS (sl g0y ol il cdbsl e G oS cul 8 Jlgme
Sy slad (gl a8 ccl (2,500 Kod Sy ) p)5 Ol Sy Jlae S5 40 2945 031 Lo )S sl )8 a8 o aS
. A:.;Sé.:.wl?cn ‘) oMb wlﬂ)l{ Ol?g )lJ.S.og d))sl Cél.;)'l.f )lM le)f )l.;.; 290 Olg‘)> . Cow ()()OC 52959
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(Assumption ) 5,8 Y-Y-0
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( Calculation of the cooling water flow in the energy recovery circuit )

Q=mxc, xAT
AT=t,-t, =80°C-60°C = 20°C seraS 33 lod I3
¢, =4/18KJ/kgxK A ogase lo S cub b
Q=Q; 35 )3 i 3)90 Blg5 (o0 &S S5
0/70 x 162 = 113/4 kW 0133,5 yyome dy ok Jitio ol Vo 7.
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Q 113
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M = AT a/18x20 132 ke/s
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( Energy balance across the recovery heat exchanger )
139y (0,8 4 pj daily <8LL Syl Jae sl
Qp = myx c, x(ty, -t )
Q,=m xc, x(t,,-t; )
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( (Addition 4 ) Pressure drop in the piping )
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38 O N - m x kgxs?
Sl L ¢ Ll sty Pa N/m? m x kg X s?
PR ds5 J N xm m? x kg x s
ol <y w Jis m? x kg x s*
BRI SRS IR Guss C Axs sxA
S 3 aly \% W/A m? x kg x s x A"
S EQUT 3l F CIV m? x kg' x s* x A?
Cia glie g™ w VIA m? x kg x s x A?
by o) S ANV m?x kg x s° x A?
ke JL J8s e T Whb/m? kg x 52 x A"
gtdiasla o Wb Vxs m?x kg x s?x A"
e S H Wb/A m? x kg x 87 x A?
e o Im cd x sr cd x sr
25 S Ix Im/m? cd x srx m?

3939 45 ST 3 Jolae cslaasly sl (cly o)y (oo d 51485 < 05,0 3959 ST 5l 2,15 ;5 asly cpuis o SLST gl asly
358 o3liwl 3y9-0 ST (sladsly ol o dy 4 laasly ool 5 oolass. 5,8 Gl 1) bl lgs o5 (LYo 4 Jg 3,4l
. ..\39»3 < o..\.:.ol.t L;Lo‘ Lghb.)b‘, ‘ ..\3).; <
ST slassly ol yor 4y 5 3l 0ads ugual VAR L 10 (CIPM) 59 sl (Jadl o ciur lawg  8lo] slassly

.A&,:f,_;o)l).‘") O.)Uﬁwl .))}O

Pyl S5 0, 45 0l o BLS) ey Jold 5 s

-t MK cdle i da ¢ W8 Sl
daahie 4733‘) 4 s 10 = T I'ad
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60
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&m“:}}‘) 4*_,\_’, 1 =
60
FEEN Sl | 11=1dm?
o) 43ds min 1 min = 60 sec
o) Gl h 1 h =60 min = 3.600 sec
Je) s d 1d=24h
a> o t 1t=1.000 kg
Jlis b bar 1 bar = 10° Pa = 10° N/m?
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10 1A T ds3 5 17
10° 15_:5; G SuLE 1GW
10° e k i 1km
10? S8 h Pl i 1 hg
10' 1o da OasilSa 1 dalm
107 es d el 1dm
107 Pt BV C Sariil 1cm
10 hie m S e 1mg
10° 55 u e g S 1 um
10 i n (sia o35 1nH
102 S p AL8 S 1pF
10" ik f yia slad 1fm
0 53 a agld g7l 1 as

Pressure

Pa=N/m? bar kp/cm? Torr m vp mm vp

1 10-° 1.02x10° 7.5x10° 1.02 x 10 0.102

10° 1 1.02 750 10.2 1.02 x 10¢

9.81 x10* 0.981 1 735 10 10¢

1138;3 1,83 x 10 1.36 x 10°° 1 1.36 x 102 13,6

9.81x10° 9.81 x 102 0.1 13.5 1 10°

9.81 9.81 x 10 10+ 7.35x 10 10° 1

Energy

J kJ kWh kpm kcal

1 10 2.78 x 107 0.102 2.39x10*

1000 1 2.78 x 10 102 0.239

316x 107 3.6 x10° 1 3.67 x 10° 860

9.81 9.81x 107 2.72x10° 1 2.39x 107

4.19 x 10° 4.19 1.16 x 10°° 427 1

Power

w kpm/s kcalls kcal/h hk

i 0.102 0.239x 10°® 0.860 136107

9.81 1 2.34x10° 8.43 1.33 xi10=

419 x 10° 427 1 3.6 x 10° 5.69

1.163 0.119 0.278 x 10°° 1 1.58 x 10~

735 75 0.176 632 1
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( Diagrams and tables ) Jglun> g o909 V-9

3 ga J/kg x K

(L8 dusadl)l 58 1004
o siia oll 920
ae 390

U5 1670-2 140
Y 48 460
< 4185
28 385

ool i g 1 gl S a5k

'
0.6
0.5 P e
/ ——
0.4 %/
&
1.667
e 1.4
\1.3
0.2 1.2
1.135
0.1
0
0 0.4 06 08 1.0

oWl adayl, p/p,

adasl ) ) (=G Olsie 43 Ol b
K cigliia yalia (gl y HL34

g adal 78.8 K
; s 37.66 Bar
8
e sled 132.52 K
Slani| 4lass 57.61 K
& Ell Ly i 287.1 i\(kg=k)
BIYEY 28.964 (dimensionless)
ile B
el Lz 1.004 KI\(Kg=K)
Lo £ o gady cud 4l oy 1.40 (dimensionless)
laa oy 340.29 m/s
e S sl 0.025 W(m=K)
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(t=15°C 4 P=1/013 bar ) L5 pdaw > S (lop (6l (Sa3ed b > a2
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Al a i 53 clad Gyl 8 0as1S 11 A dilie 3158 Ho agage i Hlaie JiSIaa

T/ K=1.55 K=150 K=1.45
K =1.40
1.8 T T v
1.7 i/, | k=135
1.6 f P K=1.30
AN
15 //// ///, 1L 1] x=1.25
/,//, |/ d
1.4 /N // ] x=1.20
- NN | ol
1.3 ////// paP Ll | k=115
//// g P -
1.2 /// // al || ] k=110
//,///‘Z%‘ ] l//’/'
1.1 ////4/,/ 1|
_—
1.0
L 3 4 6 7 8
Jmﬂ"\iebpzlm
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Las J\.\L:f\ Aiguila | | Lo JL“-:-‘;‘? Al
°¢ %Bar gm® || °c %Bar g/m’
-40 | 0.128 | 0.119 5 8.72 6.80
-38 | 0.161 0.146 6 9.35 7.26
-36 | 0.200 | 0.183 7 10.01 7.75
-34 | 0.249 | 0.225 8 10.72 8.27
-32 | 0.308 | 0.277 9 11.47 8.82
-30 | 0.380 | 0.339(| 10 12.27 9.40
-29 | 0.421 0.374 || 11 13.12 | 10.01
-28 | 0.467 | 0.413 || 12 14.02 | 10.66
-27 | 0.517 | 0.455 || 13 14.97 | 11.35
-26 | 0.572 | 0.502 || 14 | 15.98 | 12.07
25| 0.632 | 0.552 (| 15 17.04 | 12.63
-24 | 0.689 | 0.608 (| 16 18.17 | 13.63
23 | 0.771 0.668 || 17 19.37 | 14.48
-22 | 0.850 | 0.734 || 18 20.63 | 15.37
-21 | 0937 | 0.805|| 19 21.96 | 16.31
-20 | 1.03 0.884 || 20 23.37 | 17.30
-19 | 1.14 0.968 | | 21 24.86 | 18.34
-18 | 1.25 1.06 22 26.43 | 19.43
-17 | 1.37 1.16 23 28.09 | 20.58
-16 | 1.51 1.27 24 29.83 | 21.78
-15 | 1.65 1.39 25 31.67 | 23.05
-14 | 1.81 1.52 26 33.61 | 24.38
-13 | 1.98 1.65 27 35.65 | 25.78
-12 | 2.17 1.80 28 37.80 | 27.24
-11 | 2.38 1.96 29 40.06 | 28.78
-10 | 2.60 2.14 30 | 42.43 | 30.38
-9 2.84 2.33 31 44.93 | 32.07
-8 3.10 2.53 32 47.55 | 33.83
-7 3.38 2.75 33 50.31 | 35.68
-6 3.69 2.99 34 53.20 | 37.61
-5 4.02 3.25 35 56.24 | 39.63
-4 4.37 3.52 36 59.42 | 41.75
-3 4.76 3.82 37 62.76 | 43.96
-2 | 5.17 414 38 | 66.28 | 46.26
-1 5.62 4.48 39 69.93 | 48.67
0 6.11 4.85 40 73.78 | 51.19
1 6.57 5.19 41 77.80 | 53.82
2 7.06 5.56 42 82.02 | 58.56
3 7.58 5.95 43 | 86.42 | 59.41
4 8.13 6.36 44 | 91.03 | 62.39

Gl aiaily 5 (T) Lexe Py glasl jlis
(P,) gl

Yoy

S8 a™ g 0J3 o,
nitrogen 78.084 75.520
N
oxygen 20.947 6 23.142
0,
argon 0.934 1.288
Ar
carbon 0.031 4 0.047 7
dioxide
Cco,
neon 0.001 818 0.001 267
Ne
helium 0.000 524 0.000 072 4
He
krypton 0.000 114 0.000 330
Kr
xenon 0.0000087 | 0.000 039
Xe
hydrogen 0.000 05 0.000 003
H,
methane 0.000 2 0.000 1
CH,
nitrous 0.000 05 0.000 08
oxide
N,O
ozone summer:
(02 0 to 0.000 007 | 0 to 0.000 01
winter:
0 to 0.000 002 | 0 to 0.000 003
sulphur 0 to 0.000 1 0 to 0.000 2
dioxide
SO
nitrogen |0 to 0.000 002 | 0 to 0.000 003
dioxide
NO.
ammonia |Ca0 Cao0
NH,
carbon Cao0 Cao0
monoxide
(o{0)

gl )3 SEA 9 al (o)A (laend S
s e LS5 gl ) 1 Ly 85 s 55 ol Lo

) cull



- - >
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GO s sl aile e ,bE g(mm)
SasS 0<65 6.0
bugia 65<0=<10 75
£, 10<0<16 16.5
&) )L_h:l NEEIR 6
ur'\_,;}S & Jladi o jlail d
Sa S d<M6 55
busie M6 <d<M8 7.5
PR ERgIEN o5 e (kw)
Sa S d<M10 5.0
L gia M10 <d < M20 75
S)3 d>M20 22,0
8 Jiva ol&iud 7.5
G disa/isi) snpaa Ol e (kW)
SasS e<05 8.0
bugia 505 16.5
saliass SIS T s e (kW)
S 04<e<1.0 20.0
Jusgia 1,0<0<2 40.0
Lype>2 60.0
OS 2 A gl Sy
S
O 6.0
13.5
@b sla YL s Y S
o ot<1 35
Got>1 45
o b 5.0
GOS et Salia) &0
OS b e oK guo d
d<M8 9
d>M10 19
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pind bl | Afpasily | alpd k@l | dfpaily pladakdl | Awdld 3 kg | 4wl

© g/m® c g/m® e g/m® °C g/m’

+100 588.208 +58 118.199 +16 13.531 —25 0.55
99 569.071 57 113.130 15 12.739 26 0.51
98 550.375 56 108.200 14 11.987 27 0.46
97 532.125 55 103.453 13 11.276 28 0.41
96 514.401 54 98.883 12 10.600 29 0.37
95 497.209 53 94.483 1 9.961 30 0.33
94 480.394 52 90.247 10 9.356 31 0.301
93 464.119 51 86.173 9 8.784 32 0.271
92 448.308 50 82.257 8 8.243 33 0.244
91 432.885 49 78.491 7 7.732 34 0.220
90 417.935 48 74.871 6 7.246 35 0.198
89 403.380 47 71.395 5 6.790 36 0.178
88 389.225 46 68.056 4 6.359 37 0.160
87 375.471 45 64.848 3 5.953 38 0.144
86 362.124 44 61.772 2 5.570 39 0.130
85 340.186 43 58.820 1 5.209 40 0.117
84 336.660 42 55.989 0 4.868 41 0.104
83 324.469 41 53.274 42 0.093
82 311.616 40 50.672 -1 4.487 43 0.083
81 301.186 39 48.181 2 4.135 44 0.075
80 290.017 38 45.593 3 3.889 45 0.067
79 279.278 37 43.508 4 3.513 46 0.060
78 268.806 36 41.322 5 3.238 47 0.054
77 258.827 35 39.286 6 2.984 48 0.048
76 248.840 34 37.229 7 2.751 49 0.043
75 239.351 33 35.317 8 2.537 50 0.038
74 230.142 32 33.490 9 2.339 51 0.034
73 221.212 31 31.744 10 2.156 52 0.030
72 212.648 30 30.078 11 1.96 53 0.027
71 204.286 29 28.488 12 1.80 54 0.024
70 196.213 28 26.970 13 1.65 55 0.021
69 188.429 27 25.524 14 1.51 56 0.019
68 180.855 26 24.143 15 1.38 57 0.017
67 173.575 25 22.830 16 1.27 58 0.015
66 166.507 24 21.578 17 1.15 59 0.013
65 159.654 23 20.386 18 1.05 60 0.011
64 153.103 22 19.252 19 0.96 65 0.0064
63 146.771 21 18.191 20 0.88 70 0.0033
62 140.659 20 17.148 21 0.80 75 0.0013
61 134.684 19 16.172 22 0.73 80 0.0006
60 129.020 18 15.246 23 0.66 85 0,00025
59 123.495 17 14.367 24 0.60 90 0.0001
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( Compilation of current standards and norms )
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( Safety related regulation and standards ) ws! & bgspo (53,lails] g (yuilgd y-¥-F
( Machine safety ) slwwd gyl  V-V-F-F
93:10 1155 lic 4 Joodl s iyl B 3 &Y yuilo Jodlygicuone 89/392/ EEG < BU ol
Sy B e (ple g N (o] ulo it . sl 003 435 | AFS 94:48 Jgic 4 o ¢l ) AFS
Y pile
M 4l oy g b jow oS il Cluatiel. 1 EN1012

b jygwymeS @ Dell
Y (gl caon 5 Uy oS iod] Sluiae2. 1 EN1012

M slb oy 1 Del2

( Pressure safety ) ,Wid ol Y-)-F-%

AFS 93:41 T ;55 oacie asy Jadl 5 ol Sgas )3 . Lt edlas o Jadll ygios  87/404/EEG
Gl Bow o el 9 Coodl (yuiled Lo i . Cuwl ouds a3l (941 53 g & ods gl )
Lz o3l 55k

35 o 2 ) ik Sleedyy 9 5lis (i 4 bgrpe (96 Jodll ygiws  76/767/EEG

9y o S 4 (29 1121999 Lo 51 ) Ui it sl Jodl joims  97/23/ EG

350 (6l Bo CandMs lgh 5 i imsl Lo et ( AFS 94:39 Jsic 4y 00 pMol)  AFS 86: 9
b S il 5 Lt

lod Lt — Wsles g oMol _ jUid cljeos  EN 764

Y X% @l).lo Oj”lglibb AN d‘ﬁdf&PM)Lﬁé odlw u)l’“’ EN 286-1
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Culeads b 5ei0 b lar (o )laS sl &S 3 Ao Hli8 ool 5 EN 286-2
Ll slo (S 9 o990 4l bl (sl (a8 g (lom o5 (Slostanpms JUi loee s Y Cuod

C x5l oad b ey b len o)lieSS sl 45 Buy> A Hlid oolw e EN 286-3
adi blog lp (S8 3k Slimas 9 (2lop jo)5 Slimad Iy a5 (0Vgh Ui ilre ¥ Caoud

L3l oad b ey b 1o e gl &5 uy> Ao jlib ool oyl EN286-4
&l SeS (93L S5 5 lod oy e Sl oS poredll S LS (jle ¢ F o

(Environment ) luws  Y-)-F-Y

. ISO 84/536/EC « laygu ys0S (5l Iuogpw ialejl 1S« Pneurop PNSNTCI

IS0 jloxs Jols slio sl (5,8 o315l slyy pogass (30l . VT puiile (gl Lo o g oo
998 (o 4385 BUL alsyo' ) 3illas (corenads , By (slaygige Sl (293 slojl5 4w (sl

( Electrical safety ) SO oSl Jool  F-)-¥-F

oSl 3lga (sl Bgms (S iSH o) (ol Jo cin  ELSAK-FS 1994 : 9

i sl by syl sl sy Bguw S0 1 tos] g3 o cia  ELSAK-FS 1994 17
(IEC 364 | Jsls)

iblizo 538 s b5 B9/336/EEG (EU adl gt

bl 1S s B (s Ligu SN ial lsh o cin  ELSAK-FS 1994 :5

T oyplo ¢ S8 iyl slo Jarll y5t3  EN 60204-1

U)iS e degema 5 ol Sy 1S aee BN 60439-1

( Technical related standards and norms ) SwSG 5, lailiv! § SlbWao! Y-¥-5%
( Standardization ) (¢;We 5 It \-Y-¥-5
03,88 (gloa (g9l 1 oMol dcgere SS 1796
S oyt Camnd - S sy = (63 (sl eile g Wl ¢ layguo oS ISO 3857-1
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