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AHHoTaqari-rIpeJtno2KeHo ypaBHeHlie, onmcbrsamr4ee pacnpewneHMe TehfnepaTyp 11a 

HapyxHO# IIOBepXHOCTIl Tpyh OAHOpFlJ(HOrO rJIaAKOCTeHHOr0 3KpaHa B BaBHCEIMOCTII OT 

BeJEMYllHbI IIaaatOU(erO 113 TOnHA JIyWCTOrO IIOTOKa, TepMWIeCKOrO COIIpOTIZBJIeHLIFI CJIOR 

3OJIbI,TeMIIepaTypbI HarpeBaeMOt CpeRbI A OTIIOCRTe~bHorOIlIara3KpaI~a C yYeTOM COhZTBeH- 

HOrO E13JIy'-leHMFl OTJIOWeHd 3OJIbI &I IIOrJIO~eHlrH OTpaWeHHbIX Tel-IJIOBbIX IIOTOKOB IIplI 

paBHOMepHOM I43JIy~eHHkI 06MypOBKIf. 

PeIIIeHIle I4HTe~paJrbHO-~@~epeH~Ha~bHO~O J'paBHeHLIR IIpOr?3Be~eHO MeTOxOM KOHeYHbIX 

pa3HOCTefI Ha NIeKTpOHHO-BbI4UCJIITeJIbIIOfi MaLLIRHe <tYpaJr,. 

nOKa3aHO,YTO paBHOMepHOCTb paCIIpeneJIeHkIR TeMIIepaTyp IIOBbIWaeTCR nplL SBeZI?lIqeHlIH 

OTHOCElTeJIbHOrO Ulara, TeMIIepaTypbI HarpeBaeMOti C,peAbI, nanaroIuer0 TennOnoro no~oKa 11 

yrm?HbIlIeHm TephwYecKOro COllpOTMBJleHBH CJIOFI 3OJIbI Ha TpyGaX. h3J'""TaTbI paCqBTOB 

COIIOCTaBJIeHbI C ZWIIepHMeHTaJIbHbIMI* JJaHHblMII. 

NOMENCLATURE 

spacing of screen tubes [m]; 
screen tube diameter [m] ; 
heat flux from the furnace to screen 
based on the plane surface of the screen ; 
heat flux from the screen to the furnace 
based on the plane surface of the screen ; 
heat value ; 
radiant flux absorbed at a certain point ; 
temperature of the heated medium 

[“K] ; 
temperature at any point on the ex- 
ternal surface of the tube [“K] ; 
thermal resistance ; 
black-body radiation coefficient ; 
emissivity ; 
angle of location of a certain point on 
the tube periphery; 
= 1 - J[l - (D/S)2] + (D/S) arctg 
J[(S/D)” - 11, angle coefficient of the 
screen ; --- 

4, R, T,, To and i@, incident heat flux, ther- 
mal resistance, temperature at the 
external tube surface, temperature of 
heated fluid and increment of the angle 
8 in the machine scale, respectively; 

4, = cost8 
1 + + 

2 $)* ’ 

A’, = cos(l80 
1 + - 8 + 

2 
y)_ 9 

Bi, 

1 - sin 

= flZ. ’ 2 
Di7 = O.lcosa.da; 
4 =1-q. 

DIRECT measurement of intrinsic radiation of 
screened furnace walls of steam boilers using 
various fuels and heaters in petroleum refineries 
using mazuts has shown that sooting of the tube 
surfaces gives rise to powerful radiant fluxes 
towards the furnace flame which are commensur- 
able with flame radiation. 

The extremely low thermal conductivity of a 
very thin layer of deposits adjacent to the wall 
and the rather low mean value of the heat- 
conduction coefhcient of soot decrease the sur- 
face heat flux, causing non-uniform peripheral 
temperature distributions over the external 
surface of screen tubes, particularly with small 
values of the relative spacing of the screen. 

Non-uniform distributions of temperature, 
533 



5.74 Z. I. GELLER and 

and consequently of heat flux restrict the allow- 
able heat flux of the screen, increase thermal 
stresses in the tube wall and give rise to coking 
and undesirable decomposing of petroleum and 
petroleum products in furnaces of processing 
plants. The form of the peripheral distribution 
depends on the screen design. Unfortunately, 
plots of incident fluxes presented in references 
[I, 21 are probably constructed on the basis of 
speculative conclusions and are therefore ap- 
plicable only to purely qualitative estimations 
of operating conditions of screen tubes. 

In solving the problem of thermal stresses in 
screens, Charny [3] and Doll-Steinberg [4] 
considered the peripheral temperature distribu- 
tion in the tubes with uniform radiation of the 
furnace and lining. In these works sooting of the 
external surface, intrinsic radiation of screen 
tubes, absorption of radiant fluxes from neigh- 
bouring tubes and lining were not taken into 
account, and for this reason the temperature 
distribution obtained in references [3, 41 may 
show important differences from the real one. 

In works [5, 61 the effective screen tempera- 
ture is introduced for description of reverse heat 
fluxes which is obtained from the assumption of 
uniform peripheral temperature distribution. 
The effective temperature and temperature of the 
external layer of sooting [7] cannot describe the 
performance of the screen. 

Moreover, knowledge of the actual peripheral 
temperature distribution is very important for 
the analysis of the operation of screen tubes, 
since this allows calculation of the net heat flux 

4 “et = qinc - 4rev (1) 
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and the heat value of the screen 

The temperature at any point of the surface 
of a screen tube may be found from the heat- 
balance equation 

T - To 
-I = q - aa,T: 

R 

from which it follows that 

In the solution of the problem considered the 
following assumptions are adopted : 

(1) Furnace radiation is uniform in all direc- 
tions ; 

(2) Lining is adiabatic; 
(3) Heat transferred to the lining is radiated 

uniformly ; 
(4) Heat resistance of the peripheral layer of 

sooting does not change and the emissivity 
of the sooting is constant ; 

(5) There are no additional peripheral heat 
fluxes ; 

(6) No convective heat transfer. 

In Fig. 1, a schematic drawing is presented of 
radiant fluxes which are taken into account in 
derivation of the equation of the temperature 
distribution over the external surface of the tube. 

FIG. 1. Schematic drawing of heat fluxes for derivation of the temperature distribution 
function. 
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Summation of absorbed fluxes yields 
Bj= 180-y 05=180-y 

cm@ + $)I + q 
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+ cos (180 - 6 + y)] cos a. da - aa,T;2 = y. (5) 

The integro-differential equation (5) describes 
the peripheral temperature distribution in the 
range of the angle 0 < 8 d 180 (Fig. 2). The 
relationships between the angles in equation (5) 
and their ranges are as follows : 

cos (0 + II/) = 1 - g. sin *, (0 G * Q 0,) 

@I = arc sin 9 

9, = 7c 

Equation (5) was solved by a finite difference 
method. The half-section of the tube was divided 
into 60 equal sectors. The calculation was made 
for the following value determining T,: 

cos (180 - 8 + y> = 1 - $ sin ~~(0 G y G 0,) 

0 = 0 (3”) 180”, R = OGOO86 ; ONM3 ; 

0*0086; O-0129; 0.0215 m’deg/W, 

4. rnc = 58.1; 87.2 ; 116.3 ; 1745 ; 232% kW/m2, 

To = 373 ; 773 ; 973”K, 

s 
- = 1-l ; 1.25; 1.75 and 2.5; 
D 

a = 0.9. 
p2 = ; + y - 0, ( -; < p2 d 5 > 
a = 9 - 8 - arctg 

cos 8’ - cos !I 

(2slD) - sin 8’ - sin 8’ 

The solution was obtained by a trial-and-error 
method on the electronic computers Ural-l and 
Ural-2. The calculation was made with a fixed 
point to reduce machine time. 

The algorithm of equation (5) at 1 - a = 0.1 



536 Z. I. GELLER and E. V. KOVAL’SKY 

is of the form : 

0*9qRA r : 0.1 + 0.2308 1 RT:i& 10’ + @45q 1 RAID, 10 + A’[0.9$&1 : 0.1 

+ 0.4616; c RT,4Bi A6 : 0.001 + 0,184 + c RA,B, A0 + 0.513 ; 1 Bi c RT,4Di A8 103] 

+ 0.45 C A’~i : 0.1 + 0.4616 p C BT,4Bi Ae : 0,001 + 0.184 ~ C BA,Bi AB 

--4 - 
+ 0.513 g C Bi C RT, Di A8 lo3 1 + To = 0.513T;R lo3 + 7;,. (6) 

Equation (6) may be written as 

A = BT; + T, 

To reduce the number of iterations, the result- 
ing value of q was directly used for specification 
of function (5) and evaluation of T+ ,. The re- 
sulting function of the temperature distribution 
was used with new values of parameters. 

FIG. 2. Ratio between angles of screen with 
smooth tubes. 

The mean temperature of external surface of 
the tube is given by 

i=60 

‘&m = & 1 (T,)i. (8) 
i=l 

The heat flux absorbed by heated medium is 
given by 

4 “et 
_ T, - T, . c 

R s’ 
(9) 

The values of T, and qnr, were also estimated 
from equations (8) and (9) on the electronic 
computer. 

To verify the evaluated temperature distribu- 
tion, it was used to find qLev on the electronic 
computer which was then compared with qrev 
obtained from formula (1). The difference did 
not exceed 10 per cent, i.e. the mean error in T, 
was below 2 per cent. 

In Fig. 3, the usual graphs are presented show- 
ing the temperature distribution over the tube 
surface with different s/D and qinc at To = 573°K 
and R = 0.0086 m’deg/W. In Fig. 4 similar 
diagrams are shown for different s/D at R = 
0.0043 m’deg/W, To = 373’C and qinc = 58.1 
kW/m’. 

The analysis of the graphs shows that the 
minimum temperature TFi” is found at angles 
0 < 180”. In this case with increasing relative 
spacing, the temperature minimum moves in the 
direction of increasing 0. Simultaneously, with 

equal qino the difference of T, at 0 = 180” and 
Ty’” decreases. This type of temperature change 
is caused by the fact that in the derivation of 
equation (5) uniform radiation of the lining is 
assumed and peripheral flux is not taken into 
account. 

The graphs and evaluations have shown that 
uniformity of temperature distribution is greater 
with increasing relative spacing, temperature of 
the heated medium, incident heat flux and de- 
creasing thermal resistance of the soot layer on 
tubes. 

Maximum value of the temperature TY” in- 
creases with incident heat flux, sooting resistance 
and the temperature of the heated medium and is 
independent of the relative spacing of the screen. 
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FIG. 3. Ordinary plots of temperature distribu- 
tion over the external surface of screen tubes. 

Experimental determination of temperature 
distribution was carried out on a unit simulating 
the operation of sooted tubes. The unit was a 
plane heater 180 x 180 x 100 mm. One of the 
walls with an internal electrical heater imbedded 
in chamotte was a heat-energy radiator, and the 
opposite wall acted as a lining. Between the 
walls was mounted a series of thick walled 
porcelain tubes (internal diameter, 20 mm; 
wall thickness, 5 mm). Porcelain tubes were used 
because it was necessary to provide considerable 
thermal resistances (R = 0.05 m2deg/W) to 
make the operating conditions similar to those 
of sooted tubes. The porcelain tubes were 
cooled with water. The temperature of the 
external surface of the central tube was measured 
by a nichrome-constantan thermocouple with 
a thermal electrode diameter of 0.1 mm. The 
tube could be rotated round its axis and the 
temperature measured at different angles 0. The 
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FIG. 4. Comparison of predicted and experi- 
mental temperature on the tube surface. 

experiments were performed at qinc = 59 kW/m2 
and s/D = 1.2; 1.35; 2.2. 

In Fig. 4 (Graph 1) the peripheral temperature 
distribution on the experimental tube is com- 
pared (Graph 2) with the predicted temperature 
distribution by formula (5). Levelling of tem- 
peratures in the experimental tube is caused by 
non-uniform radiation of the lining and peri- 
pheral heat fluxes due to the small diameter, 
large thickness of the wall and rather high value 
of heat-conduction coefficient. In a layer of soot 
deposits peripheral heat fluxes are many times 
less. 

I. 

2. 

3. 

4. 

5. 

6. 
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Abstract-An equation is presented which describes the temperature distribution over the external surface 
ofa smooth tube ofa single-row screen at different values of radiant flux from the furnace? thermal resistance 
of the soot layer, temperature of the heated medium and relative tube spacing. This equation also accounts 
for intrinsic radiation of the soot deposits and absorption of reflected heat fluxes, radiation of the lining 
being uniform. 

The integro-differential equation is solved by the finite-difference method on an electronic computer. 
Uniformity of the temperature distribution is shown to increase wrth the relative spacing, tcmperaturc 01 

the heated medium, incident heat flux and with decreasing thermal resistance of the soot layer on the tubes. 
The predicted values are compared with experimental data. 

R&urn&-Une kquation est prtsentke, dtcrivant la distribution de tempkrature sur la surface extirieure 
d’un tube lisse situi dans une rang& de tubes, pour differentes valeurs du flux de rayonnement provenant 
du fourneau, de la rCsistance thermique de la couche de suie. de la temptrature du milieu chauffk et de 
l’espacement relatif des tubes. C’ette equation tient compte aussi du rayonnement propre des dkpbts de 
suie et de l’absorption des flux de chaleur r&f&lchis, le rayonnement du revetement Ctant uniforme. 

L’Cquation inttgro-diff~rentielie est rtsolue par la mtthode des diffbrences finies sur un calculateur 
tlectronique. 

On montre que I’uniformitt de la distribution de tempkrature croit avec I’espacement relatif, la tempCra- 
ture du milieu chauffk, le flux de chaleur incident et lorsque la rCsistance thermique de la couche de suie 

sur les tubes dbcroit. Les valeurs calculkes sont compartes avec les valeurs expkrimentales. 

Zusammenfassung-Eine Gleichung wird angegeben fti die Temperaturverteilung iiber die Lussere 
Oberfllche eines glatten Rohres in einem einreihigen Gitter bei verschiedenen Werten des Temperatur- 
strahlungsflusses vom Ofen. thermischen Widerstandes der Russ-schicht. Temperatur des beheilten 
Mediums und relativem Rohrabstand. Diese Gleichung beriicksichtigt such die Eigenstrahlung der 
Russablagerungen und die Absorption reflektierter Strahlung, bei gleichmlssiger Strahlung der Ausmanue- 
rung. 

Die Integral-Differentialgleichung wird nach der Methode endlicher Differenzen auf einer elektronischen 
Rechenmaschine gel&t. 

Es wird gezeigt, dass die Gleichmlssigkeit der Temperaturverteilung zunimmt mit dem relativen 
Abstand, der Temperatur des beheizten Mediums, der auffallenden Strahlung und mit abnehmendem 
thermischen Widerstand der Russ-schicht auf den Rohren. 

Die berechneten Werte werden mit experimentellen Ergebnissen verglichen. 


