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Abstract

To improve the practical application of the thermal expansion of. closed long
pipeline exposing to external heating sources such as solar energy, safety
engineering and system optimization for relief valve in the closed piping system
are suggested through theoretical approach, correlation in view of temperature and
pressure increase caused by external solar energy in the closed piping system. The
profile for thermal relief valve including relieving capacity, influx heat energy,
sizing criteria, set pressure, selection against back pressure is also presented. It is
noted that following topic on solar relief valve should be applied to engineering,
installation and commissioning.
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53 ZAT W@ olFAHAAN G T oiAe] ot} LA wide A
AXHE 233te] wj@A Lol Adate F57F FF 2T

HjEAAL LS A AR FFY A FJAEANA AZALoY} FHAER o|F3)
A4, A28 AF AFE AN, U3 SJAE, FFAAC Hg e FHH02
olftA "tk o9 2L AP EAA AL L 4 dayd ZJAEFL AYE A
AN AF ddddl =25 ZF47 2AHVE P wj@AL] Fe L
EE ol A ZAstd WBAd Y AAE IAFSA HH, web] AqPY
€ 2 AAHuE AR ARe AF WBAAde] B3P F FA2 Adsto A,
APAEY #7 §F AFE 29 g L2 5 Uk

AAMuIZAM T 5 e TYL 2 Z Y E(Thermal Relief Valve)E 44 3tA
U Ee 73E2 Ag9d da@AY dAE =ddsie WY Fol FE AHRHR Ao
2y =YQste e ALY Fst dadiy, wef AR AU A&
A XS BE ALY T80 HEE ZEHoE HHZWHRE HA§
oo} 3= o] U o,

gebA, & dFodAe JAE HAFste MBAANA AGA AFLA AT Y Fo
ojFojx v gt T 2EFEH FHGTHAY €M FEBAG dYLE
AHYWB Y HAdE TEAU.
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1) "€ = WH(Relief valve)'et &§& 84§ MY E Lot

2) "S5 %4 <A Y (Thermal relief valve or solar relief valve)’gt 32 27} o]/4¢e]
WH F= @(Blind flange)s 22 ADE WF U JA7 5 o T 47
Fo g QA3 wigo] HIAHE AL WA Fy] Hstd HRste dHWEE T

3) "dYrolal & AUE, #3571, dulf, 7] T Zol R AN 2EE A4S
AN F e dyA SALE 2P

4) " @A & Lo g3 AAr} EdHE NEE, du@y], &7 T HEA
g XS ujd AlaYgE T '

5) "/4¥ 8 (Phase change)’et && AA7t F7] B QA dFEIL F7|2 783
AeEE st E T

6) "H s A2 E (MAWP; Maximum allowable working pressure)’o]&l 2 £
7], W@, ME ZAR F9 Az AP AAY FARAALR Ad)E 7EsA
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7) "AA 48 (Set pressure)’olg} 2 ¢hdwWHe] HAN HI} EEYH =
A 8oz A tH¥E Had FEAE ¢EE @i

8) "¥i¥(Back pressure)'olg} & AWM EEZd Qo HyEe ¢HE T
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oA MBAR N GAE L2 FERY B B MBALY By
o 2 Zed ¢ol AFFFHoL A Bk T AA RHg LE,
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~ [V A P e
dV—(aT)PdT-i-(aP)TdP (2.2.1)
AA09 ¥99 VE rd
4V _(1)(aV) yr (1V(2V) yp
v ( V)( aT)pdT+( V)( aP)TdP (222)
4 @224 (L)[2X) © exzstd we S¥oIBHA+Liouid Thermal
P

Expansion Coefficients)°] i, (—;—)(%g) = g =719 g SFe&¢F4+(Liquid
T

Isothermal Compressibilities)©]t}.

1 aV = I R R R I R R R N IR SR SRS
(_V)(?T_)P_ A e (2.2.3)
1 aV =t » T R T R R R I R A R R SR R N T A
‘(_V)(W)T‘ B (2.2.4)
2 ¢od 4 222 B 2ol €.
_d._;i: AdT — BdP v v voneieiiiiiiinnns (2.25)
dANE exuss Pust we Pyuste I8 some (%)P=o

(Z—},’)ﬁoolc}. adEE 4 25 B8 2e doz wAY & Yo
V.
ln(..V_j)z A(Ty = T)) = B(Py= Py) o ovvvvrenvieinnn (2.2.6)
o AAE fBA RN S5 D gAdst] Be AAe EyEsE TAY &
ooz = 4 (226914 V2 = VI 0|22 843} o] Lehd 4 9ok
o AT
2——- 1= -———-r .......................... (227)

£ 4 (226)04 SxWste M @Y dHASIt Qg o RuAgs o9
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A oluerts d&d § 3o, o B(P,— Py)= 00|tk wetA 4 (2260& o
3 Zol REE & AT '

V.
ln(._z_)z A(Ty= Ty) rvvvvrrnmerensmnne e (2.2.8)

Vl
£ V,~ V=0 022 A (228)2 d& o] vdehd & gk
Vo— V, '
2 > L A(Ty= T)) wvevreevmrneeeeenens, (2.2.9)

¢xd) uwg EIAste 4 (2299 #ow, 44 A, BE Perry Handbook(2]
Table 3-147, 3-17591 Yely dth. % Data book on Hydrocarbons[9]2 ¢#¥dz
2od3e RYgFa .

dutgo g QAo RuPFALE WBAAI} e FHYAAFEYG go2z 7
A8 WP Jold gRzry do] Ag8 o 4ol AsIHA dvh. 53 wWBAY
AAGERYG AR ARoZ A ol gold s wAAZ ALHAY E=
ZUx, Qv Azl € Wy AgAge] &dol dojdd o &4 R HEE
Astel YLy, A TY £4L 45 g Ade A wgA o
Adg wAEy] daHe dAGANREH BAT TANYALENE FRHY 4R
Al g gsjol & Aojr.

23 Hg9d g wAA 2= 3 Y Aol dF 1P

HY BAMUAE A9 wat b Zolzt U, di7] Fo LEgERY FFY &
& % olo] wa FFL W Yoz 678~813 kcal/m2 - hr ol X
@A dol Astel WAHAAY Ex e § WBS HFdd I LEF5
gero] omz maASA Feoh

ggde] ofsf A4S e HAYL HYH Aoz Puys AAAFY HH(ATH
d A9)e xEUHOE A4steior stv, A& (Emissivity) & B mg g2y
HAGAE 1.002 BE Ro] EAF T ‘ <

A7 e 2 @A} HudrleRd =2% AAXE 9% 2 d&4d(Heat
loss)o]l ¥ojutx] ¢y @E7(Heat accumulation)? ¥ojud, d A& e FEAL
vz Ax9 52 FAHD, AiFE TS

ggdel o muAYd 298 £ YE ATLES AEsE WS WA wBA
7} AR A £28E AHE e ol A&

Qg= RgX A, +rreevrrrveirnina i 231
Qp= (CP W, + CP,, WP)(Ta 7;) .................... (2.3.2)
H= _Qﬂ .............................. (2.3.3)
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MBAs Jugrlesd =2d olF BYdd o8 Fnexd =gsE F$
@A BEBANUANE B FAd WBA AHE dFS 2l o gy
de WwEsA gk wadA uwAe e e duRE ded g

Q= Quopt Qrag *crrrcrrrrr e (2.3.4)

T3, @A A 2E2 A5 F e AL HEBAUAZ A wF
Aol dH9(Heat gain)® F&A(Heat loss)o] T w7iAloln, o] if 257 Jof
2 s

é, QS= Ql ............................ (235)

whebA, i EA ] & BT dF BA B¢ A2 g$3 Zob)

1 \0:25

Qo = 0.5(—D—) (AT BA, oo (2.36)
T2 4 Tgl 4

Qpoq = 0.1724 Too] ~\Too Ap vorerrreniiieen, (2.3.7)

Bl g MaAs 9493 Fedo) 2oty W WA AnLEe] £ga
2z e 2ol yed £ Q.
Qsolar= Qcav+ and ........................ (238)

A (23.1), 4 (234), 4 (236), 4 (237 2 4 (2382 AYsH F&IH P
R XA = (1 )Olzs(AT)msA +0.17 [( i )4 ( . )4}
sX ,.——0.5 "b‘ ¢ 0.1724 W - T(—)'a Ah v (239)
AT=Ty— Ty +rvvrevrreneernnenaniiennis (2.3.10)

ol ATE AlYLAyal oz At

2.4 =9 B (Thermal Relief Valve) AX g4 2 A XA < g4

2.4.1 AA 3
AL GAdEEE g3ty B4, /1A vls SEHEE 2 B 5 N Az 339
E A 209 MBe sl e 2 ddd o /tdEE F o Ax 3
D 4 @274 ARE gtgol el Hois A EGR(MAWP) Bk € 3%
2) 74z = dudr)g 2& 339
3) #57], dulf, =E A7)0 9% W@ Ay
4) BjFe] BAMY
5) 7l A%
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2) e WA WAL F4E & At £718 ARE AS
3) Ao} 80 918 VUHA YEE Wy Ao JAY 22 52 & AS
9 A7) 52 ogdte] MBAS A | WBYY AA} LVLE ooz FHA

HA GEE 25 Z2EAX EE AY AGAAE X F S

5) HHFe EAE e U7Xk sl o E4o] Mi#AA Y2 FdHE RE W
A & AEE oBFg Ao vfdd 4+

6) EAAA e wj#A (@B dAge glovt 7]7)dl Pressure Relieving
Aul7t R3Eo Qe 3

7) Rundown B A A|AdoA wi@dZolst 120 m& Z73tA] Ev 4%

8) v &3 T F(Manifold)ol| A} @B Alolol A7} 80 m °]3tol™, 150 Ib solid wedge
gate valved 7%

9) 34 65 C ol n2dqA} & 3%

10) 7F2wi# £ & Two Phase W&
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E dFoiM e vi#AY 9%, dEdsHY Judd ¥ G 94 o3 Uy
@A e LEdso] DA o]FofAEertE cl8HoE nFEHYAT.

A7) 28kel A (227, (229), 2310025 dA¥u#A W ER HYFo o3t
L35 EuFote wE uid W 4¥HE A F A3, BF ASE 4" P2)9]
WA HudLALYFYMAWP)RT & Zole dejzdEg Mxjstoor &
& 4 Ao

F, A 2204 o3 GAe] xRzt B PP ¥ ¢YHE 458
F U duFez A7 ¢FHP2)ol HuUFHEAEUHMAWP) olstold = Y
HEZ dx golx g8 ¢ F A

E3, 4FTZHEXNY Fo|X 9Fe] AR Y1 ok FEH& Feo e de
Zyuo) jgto g Qg FAlFol LA o, oy AAAH] FEHUAY Wi
oz Q3% FAY Aoz AGHI] wEd gz @iBne wE v A" 74,
vigte] A7]e] W delxuiuel MAo fostoor &, WHujBANA Y AR
uj#ol] dlsled B3] global engineering practice guideline?l API Code 520 % 5213
KOSHA Code D-27-2002¢) &3l tdAMdA 2 Aad HAHAYE Fsidol & A
ojt},
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Nomenclature
A : SR ZAS (1/F)
A, : W ge] R A
Ap : wj el o5 1/2
A, : ¥ =9 9] Cross Sectional Area
B : T2U¢EAAS (Upsia)
Cp, : CpX Wi+ Cp, X Wp
Cp, i ] e AL
Cp, g z2Axe A&
D : w7
H : W@Az Hadrleestz dele A
Qoce =R
Qeov @A e thFol o d&a
@ : W BAe d&4
@p : g ZHA 2 ouEde] e AA9 AR AFE A 48
@rad ¢ @A e BAbol o &4

Qs : Bl o BAeA|
Ry : gAY G Eel o HApe |
T A e JA=

T Hugr| s (AYEk)

T, A &5 (AUeE)

T, : Hugr|2x

T, WA 27 2%

|4 WA e Ao R3] wjaA Fu
W Wi W AH e FF

1%

P : v el F7
AP : Sig== P
AT e 2x9 HuEee zo]
dv : aA e ARy wisg
dT : A e AHLE W

dpr : WA e At Hg
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