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1. Introduction

B crari mpencraBieHO METOAWKY BH3HAYEHHS MaKCHMabHHX IONMYCTUMHUX IIBUAKOCTEH HarpiBaHHS i
OXOJIOJKEHHSI, po3po0biieHy Ha OcHOBI Himenpbkoro cranmapty TRD 301. OG'ekroM IOCHIIKEHb € TPIiHUK,
BuKoHaHuH 13 ctam 13 HMF. ¥V npaui npuBeeHO reoOMeTpHYHUI ONKC TPIHHMKA, BIACTUBOCTI MaTepiaiB, a TAKOXK
XapaKkTepUCTUKy pPoOoumx yMoB. [IpexcraBieHi TakoX OTpUMaHi 3HAYEHHA MAKCHMAaJIbHUX JOIYCTHMHX
HIBUIKOCTEH HArPiBaHHS i OXOJIOMKEHHSI.

The mentioned T-pipe is pressurized element of a power unit. Temperature’s changes appear there during
starting, load changing and stopping. A non-homogeneous temperature distribution is a cause of thermal stresses.
The stresses should not to exceed allowable values thus an identification of allowable heating and cooling rates is so
important, particularly for the T-pipe [1-3]. The author presents the calculations of allowable heating and cooling
rate conducted according to German TRD 301 regulations [4].

Kitrowogi croBa: craamapt TRD 301, TpilfHUK, BIaCTHBOCTI MaTepiais.

2. Description of the approach and work methodology

2.1. Geometrical properties of the T-pipe and their mean substitutes

The calculation of allowable cooling and heating rates for the T-pipe made from ferritic steel 13HMF
(Fig.1) was conducted. The T-pipe is typically utilized in pipelines of a fresh and overheated steam in a power unit
of a power plant 360 MW.

NODAL S0LUTION AN
TR DEC & 2007
SUE =1 19:13:16
TIME=1
SEQV {AVG) 13.1
DI =4.0939
a2 e ad 36.297
M =EZ1.87Z
59,494
82,601
105.887
129.084I
152,281
175.478
196.675
221.8?2.
L3HMF

Fig.1. Dimensions of T-pipe made from ferritic steel 13HMF

Dimensions of the T-pipe are as following:

- external diameter of the T-pipe ......ccccevveerienveniiiiieee d, =506 [mm]

- internal diameter of the T-pipe......cccccevverieniriiriiriene d; =290 [mm)]

- thickness of the T-pipe wall ........ccccoooeeiiiiiiiiiiiiieeee S, =108 [mm)]

- external diameter of the ramification ...............cccccveeveennnns d, =448 [mm]

- internal diameter of the ramification ................ccoevevrrennns dsi =290 [mm]

- thickness of the ramification wall.............c..cceveverienirennns s4 =79 [mm]
1o} 7Z:1 11 2SR U=0%

2 2. Working environment for the T-pipe made from steel 13HMF
There was assumed that the element works in the following conditions:

- minimum pressure in a cycle......cooovvvvvvereienienienieeeeens Pmin =0 [MPa]

- Maximum pressure in @ Cycle .......coceeveeeeevvenenencnenencnne. Domax = 18 [MPa]
- minimum temperature in a CYCle .......ccovvrveerverienienireienns Smin = 20 [°C]

- maximum temperature in a Cycle .........ccoveervenienireiennenns Ymax = 540 [°C]
- required start and stopping cycles ......c..cecevvervevieninenennns n=2000
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- number of cycles (start from cold state 20°C) till cracking appears ny,, = 5n= 10000
For the considered load cycle a reference temperature 9° was calculated following the formula:
9°=0,75-9,_ +0,25-9_ ['C] 9" =410[°C] )

2.3. Material properties

Material properties for the steel of 13HMF may be read from strength tables for an assumed temperature,
evaluated according to linear interpolation or calculated according to table’s factors. The greatest allowable pressure
of a working medium is assigned as a working pressure p,. For the mentioned element made from the steel I3HMF
the following material properties were determined:

- minimum tensile strength at the environment temperature 20 [°C] Gping = 490 [MPa]

max min [

= POISSON’S TALIO.....cceceieieeciieeeeeeee e v=03

- elastic MOAUIUS ....oocvvviiiieeece e Eq=1,841-10° MPa

- minimum yield strength.........c.cccooeveiienieniieeieeee e Go2/9+ = 224 [MPa]

- linear coefficient of thermal expansion.............ccccceevveeuennne BLox = 1,404-107 [1/K]
- temperature equalization ratio ...........cccceveererenerenceeenen. OLg+ = 528 [mm?*/min]

All variables mentioned above dependent on temperature relate to the reference temperature 9* for the
considered load cycle.

2.4. Stresses calculations

The calculations of stresses were the next stage. The stresses in the T-pipe originated from the working
pressure p4 are equal to c,,, = 88,5 [MPa]. The stresses in the element originated from the minimum pressure are
equal to oj, = 0 [MPa]. The minimum stresses in the cycle are equal to o; ,,;, = -214,5 [MPa]. The maximum stresses
in the cycle are equal to ;4 =303 [MPa]. The stresses were calculated with the assumption that stress
concentration ratio is equal to @ , = 3,2.

When the maximum and minimum allowable stresses were determined, allowable differences of the
temperature were calculated and — at last — allowable heating and cooling rates. For the simplicity, a code-based V
factor was introduced:

V=515 )
where: oy« — temperature equalization ratio, @¢ — shape factor, s, — substituted wall thickness. The shape factor is

evaluated from the formula:

B O i D € i Ve R U ®. =—0.469
D, =1 PRy s X 3)

where: uy — quotient of the external to internal diameters. Then V factor may be evaluated from formula (2) giving:
V=-0,073[ L] “4)
3. Achieved results
The allowable heating rate at the beginning of the starting phase is given by the formula:

Vo =V - Ay, [%:l Vg = 2,119 [ﬁ] (5
The allowable heating rate at the end of the starting phase is given by the formula:
Vor = v Asr [%J Vor = 2,993 [ﬁ] (6)
The allowable cooling rate at the beginning of the stopping phase is given by the formula:
Vo, =V - Ay, [ﬁ] Vg, =—2,119 [ﬁ] (7
The allowable cooling rate at the end of the stopping phase is given by the formula:
Yoy = v Asz' [ﬁ] Yoy = =2,993 [ﬁ] (7

4. Proposed procedure for calculation of heating and cooling rates for any element

Calculations were executed in system Mathcad using formulas from TRD 301 regulations. Presented below
is a procedure enabling the calculation, allowable heating and cooling rates for a T-pipe of any geometry or other
element working under conditions of high temperature and pressure. The first stage of the calculations is to provide
the geometry of the element its theromophisical and strength parameters and conditions under which it will work
(fig.4.1).

BicHuk XmMeabHUYbK020 HAYIOHA/IbHO20 YHigepcumemy Ne5 2009 57



TexHiuHI HaQyKU

«' Mathcad Professional - [Trojnik_TRD.mcd]

@ File Edit View Insert Format

Math Symbolics Window Help

EOX

o4 AE — - =, =£]
DEeE &8V By = > & ooz~
|N|:urmal ﬂ|.-’-‘-.rial j|1|:| B I U0 =E=E i=i3
Dimensions: L
&, = 506-mm external diameter of the T-pipe
£ = 108 -mm thickness of the T-pipe wall
U= ovality
Werking enwvircnment :
Proin o= -MP2 minimum pressure in a cycle
Py = 1E-MP2 maximum pressure in a cycle
B = 20-C minirmum termperature in a cycle
By = 340-C maximum temperature in a cycle
n = 20606 required start and stopping cycles
Py = 30 number of cycles till oading appears
= 100D
Material properties: = e Tmax
Py = 18-MPa2 working pressure
Egp = 1.841-10°-MPs elastic modulus
T 10pn] = 224 MP2 minimum yield strength
B oom = 1.4'[:'4-11}_:-% linear coefficient of thermal expansion
El - 518 mﬂ ternperature equalization ratic
Bobl - P
T ming = $90-MPz2 minimum tensile strength at the environment temperature 20 [oC)
v o= 0.3 Poisson's ratio
Reference temperature:
B = 0TEB L+ 0255 B gy = 410C
Analytical dimension
g, = 1153 analytical wall thidkness g, = 124.2mm
g = d, - domg analitycal internal diameter d; = 257.6mm
dy, = 0.5{d, + &) average diameter 8y, = 381.8mm
B
Uy =1+ 22— u, = 1564
4
W
)i >
Press F1 for help. ALTO MUM Page 2

Fig. 4.1. The geometry, thermo-physical properties and working environment condition — definitions in Mathcad

Keeping determined geometrical parameters, the allowable amplitude of stress changes o, is evaluated. If
the allowable range of stress changes at the reference temperature o, is greater than or equal to doubled minimum
yield strength at the reference temperature, it is necessary to calculate reduced allowable range of stress changes
(fig. 4.2). The next step are an evaluation of T-pipe stresses induced by pressure (fig. 4.3), minimum stresses in the
cycle and maximum stresses in the cycle (fig. 4.4). The factor f,(p) — dependent on the ovality — is assumed to be
equal to 0 on the cause of the assumption of the ovality U = 0.
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b
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Press F1 for help. ALTO MUM Page 3
Fig. 4.2. Calculation of allowable amplitude of stress changes
Stresses from pressure calculations ~
G = 32 theoretical stress concentration factor Qo =32
fy =10
4 f_¢ =1
_l’_
fu(py) =0 fU=0 then £ (p,)=0 £,(py) =
el Py) = oy + 26, py) ol py) = 32
Sips = “m'.Pﬂ'P-t'E stress from working pressure Oip4 = §8.333MPa
ful Prmax) = 0 ful Pmax) = ©
“m[pma.r.:l =g fy+ 2'fl.x{Ps:-m:l_.] am{PmaxI’ =32
“maxip = “m[Pmm*'Pmu'go stress from maksimum pressure Cmaxp = 38333 MPa
ful Pmin) =0 £ Prin) = 0
% Pmin) ™ %o s + 2 Eyl Panin) Ol Panin) = 32
co=g (p o fp — stress from minimum pressure . .= (D
lJirl.m:p : “mtprmml' Pmin 2. S P Um:.mp 0MPa
w
< >
Press F1 for help. AUTO NUM Page 4
Fig. 4.3. Calculation of stresses induced by pressure
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Stresses calculations o
=10 =1
S o Smaxip ~ minip ~ A% +
1~ ~mini 1+ Sl = 214 451 MPa
52 = {yipq_ — 600-1vPa 52 = —3511.467 MPa
_ for water g_. . always equals 51
E. = Sl - Sz it
O mini = jf{R = 'I}-I'-.r[Fa,Sl,Sl} minimum stresses in the cycle O mini = —214451MPa
83 = A%j + Oping §; = 302984 MPa
84 = Gjpy + 200-MPa 5, = 288533 MPa
Ry =8;-84 for water g _ . always equals 53
O maxi = jf{E_l > 0.}[pa,53,s3:} maximum stresses in the cycle O max = 302984 MPa 3
< ¥
Press F1 for help. ALTO MUM Page 4

Fig. 4.4. Calculation of maximum and minimum stresses in the cycle

Keeping determined maximum and minimum allowable stresses, the allowable temperature differences is

evaluated. The allowable temperature difference (a difference between element internal surface temperature and an
average temperature of the wall) is evaluated on the base of formulas for four cases: the beginning of the starting
phase, the end of the starting phase, the beginning of the stopping phase, the end of the stopping phase. For the
formulas simplicity, the factor W is introduced (fig. 4.5). And finally the allowable heating and cooling rates are
determined (fig. 4.6).

A
Allowable temperature difference
1-w
W —— K
W = 0135
2Praobi Egobt MPa
A%y = “-{.Gmﬁﬁ B ijmP.} beginning of the starting phase e
Adp=W {.Gm Gmm}".} end of the starting phase TS S
482 = W{%maxi ~ “maxip) beginning of the stopping phase A8, = 20039K
£ P = -T.: = N r, = 41, '||
Ay =W {.Gmm GMI—"_} end of the stopping phase 25 L TS
w
< *
Press F1 for help. ALTO MUM Page 4

Fig. 4.5. Calculation of allowable temperature differences
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LS
u,? - 1){3u,2 - 1) - 4u_*1n(u)
Dy = 1 { 0 { - ° - - 10 L O shape factor
: (ug? = 1}-{ug - 1)? @ = 0469
a
V= Snb{ V =—0073 L
‘:I:’f"sb” mit
Allowable heating rate at the beginning of the starting phase
raq = V- K
Vel = VA% vgy = 2119 —
Allowable heating rate at the end of the starting phase -
vgy = V-Ady vgyr = 2.993 x
Allowable cooling rate at the beginning of the stopping phase L
. K
¥gp = V-Ady vgy = 2119 —
mi
Allowable cooling rate at the end of the stopping phase
Vgw = V-AR Vo= —2.993 £
a2 - 2 82 7 min -
£ *
Press F1 for help. ALTO MM Page 5

Fig. 4.6. Calculation of allowable temperature rates

4. Conclusion

The valid determination of the rates, which power plant pressurized elements may be heated and cooled
with, is very important because assuming improper working parameters may lead to lesser durability of elements or
their damage. The allowable cooling and heating rates for the T-pipe were calculated basing on TRD 301 regulations
[4]. The details of the calculation are presented in this paper. This article presents a procedure enabling the
calculation of allowable heating and cooling rates for any pressure element following definition of its dimensions,
working parameters and thermophysical properties. This procedure has been suitably verified on such power unit
components as: T-piece, main steam valve and drum.
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