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We carried out mathematical simulation of the temperature measurement system in performing fractional 

distillation of  petroleum products (FDPP). To evaluate the actual lag in measuring the temperature in the 

process of  FDPP, a special experiment was run on the basis o f  the mathematical model developed. It  is 

shown that under unsteady-state conditions the error of a glass thermometer due to the phenomenon of  

thermal response may attain 15-25~ or more. 

Fractional distillation is one of the most widely used methods of quality control of petroleum products, 
since it is a natural characteristic of mixtures that boil off in a certain interval of temperatures. The method known 
in worldwide technological practice as the ASTM D-86 technique involves measurement  of the boiling-off 
temperature of the fractions of petroleum products from 0 to 1. 

We developed [1 ] a mathematical model of fractional distillation of petroleum products. The FDPP curve 
can be described by the equation 

k 
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l + a - c  

T h e  parameter r is given by the formula 

T -  Ts. b 

Te. b - T "  

Thus, FDPP can be characterized by four parameters: a, k, Ts.b, and Te.b, for whose determination several 

techniques have been developed by us [21. 
An important property of FDPP that is needed for solving various technological problems is the additivity 

of its integral characteristics [3 ]. 
In performing FDPP in accordance with the State Standards GOST 2177-82 [4 ] TN-7 glass thermometers 

were used that corresponded to the State Standards GOST 400-80. When measuring temperature in the vapor of 
boiling water under steady-state conditions, they can read values from 99.5 to 99.9~ which is within the deviations 

indicated in the thermometer certificate (0.1-0.5~ 
In performing FDPP under dynamic conditions, the deviation of the temperature of the medium from that 

recorded by the thermometer can attain 25~ (this will be shown below). The lag in the temperature measurement 

system is due to the phenomenon of thermal response. 
As is known [5, 6 ], the error in measuring a temperature under unsteady-state conditions is given by the 

formula 

AO = be. (2) 
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Fig. 1. Tempera ture  T versus  t ime  t for main  (a) and  con t ro l  (b) 

thermometers placed in the vapor of boiling water at a voltage across the 

laboratory transformer of: 1) 120 V, 2) 130, 3) 140, 4) 240. 

To take account of this error, we carried out simulation of a system for measuring a temperature by a glass 
thermometer. 

The thermometer can be treated as a combination of two systems: the glass body of the thermometer and 

the mercury cylinder. Taking this into account, we write an equation for the dynamics of the thermometer: 

w h e r e  

Vm~Cm.~Pm~ VgC g p g a2~ [ 
- ~ +  1 

R Free r agFg dt 2 

 erCmer'm r /]'C,','z 
+ _ o + ,  VsCgpg agF s dt 
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Equation (3) is linear and homogeneous; its solution has the form 

"er  er[ ] 
- + 7'mor 
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To determine the temperature of the mercury at any instant of time, it is necessary to know the roots of 

the characteristic equation Sl and s2. They depend on the geometric dimensions of the thermometer and its 

elements, the physical properties of the thermometer and the environment, the heat transfer from the environment 

to the thermometer, and so on. 

To find sl and s2 and eliminate errors in their calculation, a special procedure was developed that was 

preceded by the following experiment. In accordance with the State Standards GOST 2177-82, distillation of water 

was carried out in the apparatus at different voltages across the laboratory transformer (120, 130, 140, and 240 

V). We used water for the experiments, because petroleum products are complex mixtures that do not have a 

constant boiling point. Under these conditions, the thermometer of interest was placed in a flask with boiling water, 

and data on the rate of rise of the temperature to 98-100~ were recorded. The experiments were carried out for 
two thermometers: the main one and a control. Both conformed to the same State Standards and had slight 

differences in geometric characteristics. The curves presented in Fig. 1 made it possible to recover the true 

distillation without any other evaluations or calculations. We will show this. 

From an analysis of the experimental data it follows that the position of the inflection point on the curve 

of T =f( t)  is close to the coordinate origin, i.e., 
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Fig. 2. Inertia e of main (1) and control (2) thermometers versus the flow 

rate Q of steam, e, rain; Q, liter/rain. 

1 In ($1/$2) 
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This means that sl >> $2, and expression (4) takes the form 

and the inertia 

( dTmer I 
( ~ ) t = O  

,,oo _ r 
(s) 

can be determined from the curve of T -  f(t). 
Using Eq. (2), for the main and control thermometers we may write 

A O  m =  b e  m ;  A O  c =  b e c ,  

whence for b ~ const 

A O  m A O  c b(e m ec) b(1 e~--~m ) - -  = - -  = - -  e m . 

Then, the sought value of the lag of the main thermometer is 

A O  m - A O  c 

where AOm - AO c is the difference in the readings of the two thermometers for the same fraction of the distilled 

petroleum product, ~ 

We assume that at the same rates of vapor the ratio of the inertias ec/em for steam is approximately equal 

to that for the petroleum product. 

For the main and control thermometers we constructed a graph of their inertia (according to Eq. (5)) versus 

the steam flow rate (see Fig. 2). We take from this graph the ratio of the inertias of the thermometers for 

corresponding rates of the vapor of the petroleum products to calculate the lag in the readings of the thermometer. 

Thus, to determine the lag temperature of the main thermometer it is necessary to have: 1) a graph of the 

inertia of the main and control thermometers versus the flow rate of steam; 2) data on fractional distillation of the 
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TABLE 1. Parameters of Fractional Distillation of Kerosene 

Method of determination a k Ts.b Te.b 

With account for: 

the ratio of the inertias of two 
thermometers 

the inertia of one thermometer 

Without account for the inertia of the 
thermometer 

1.67 

2.40 

1.08 

1.10 

1.20 

1.52 

168 

163 

140 

269 

266 

245 

same product carried out using these thermometers; this makes it possible to determine AOm - AOc at each point 

of the distillation. 

The variability of the lag in the readings of the thermometer behind the temperature of the medium at 

different points of the fractional distillation is readily apparent from its substantially nonlinear character and the 

fact that the FDPP is carried out relatively uniformly. 

The inertia varies insignificantly within the limits of a specific distillation. Consequently, the lag in the 

readings of the thermometer is proportional to the rate of temperature rise in the object. 

We can write 

b _ - -  
d T  d v  d T  d v  

d t  d r -  d v  d t "  

If d v / d t  . .  const (according to the conditions of fractional distillation in accordance with the State Standards apart 

from the start and the end, when the process is slower), then, having differentiated Eq. (I), we obtain 

dT Te. b - Ts. b (I -I- ark) 2 

d v  a k  r k - l  + 2 r  k + r k+ l ' 
(6) 

i.e., d T / d v  changes substantially when 0 < t < oo. 

From relation (6) it follows that d T / d v  ~ oo when t ~ 0 and t --~ ,o. Here d v / d t  ~ ( A v / A t ) a v  and it tends 

to 0. In this case, b tends to indeterminacy, i.e., using Eq. (6), it is possible to find b for 0 < t < oo. 

Let us consider another method of determining the lag in the readings of a thermometer. 

Based on observed readings of the thermometer, in a first approximation we determine the parameters of 

fractional distillation a, k, Te.b. The value of e is taken from a graph (see Fig. 2) for the conditions of distillation 

on the specific thermometer. We calculate d T / d v  from Eq. (6) along the entire curve of distillation, and we take 

d v / d t  .~ A v / A t  from the averaged data for the entire process of distillation. We determine the lags AO, which have 

an extremal dependence with a minimum value AOmi n in the middle portion of the curve. 

The parameters of fractional distillation of kerosene determined with account for the inertia of the 

thermometer by the two variants and without it are presented in Table 1. As is seen from the table, account for 

the inertia leads to a substantial and characteristic change in the parameters of the fractional distillation of kerosene 

that were calculated by the two methods, which in turn shows the validity of the assumption of the approximate 

equality of the inertia ratios of thermometers for steam and a petroleum product. 

Thus, it is established theoretically and experimentally that there is an appreciable dynamic error in the 

measurement of temperature in carrying out fractional distillation of petroleum products in accordance with the 

State Standards GOST 2177-82. It is shown that, with all other things being equal, the value of this error changes 

both in the course of the distillation itself and with the characteristics of the petroleum product (the FDPP model). 

The foregoing data indicate that by using inertialess heat receivers it is possible'to obtain true temperatures, 

knowledge of which acquires special importance in solving technological problems on the basis of the additivity of 

the integral characteristics of FDPP and in creating a computer complex for analyzing petroleum products on the 
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Fig. 3. Computer complex for simulating the properties of petroleum products 
on the basis of fractional distillation. 

basis of FDPP data. This will make it possible to exclude the use of approximate methods of taking account of the 
inertia of thermometers. 

On the other hand, account for the inertia of the temperature measurement system or creation of a low- 

inertia system will make it possible to accelerate the process of FDPP and retain, by means of recalculation, the 
possibility of obtaining data in accordance with the State Standards GOST 2177-82. The results of simulation of 
the inertia of a heat receiver in carrying out FDPP were used by us in creating the "Polotsk-l" computer complex 

(see Fig. 3), which makes it possible to conduct accelerated fractional distillation of white petroleum products in 
several minutes. The complex incorporates a virtually inertialess system for measuring temperature and the results 

of the present work for conversion of results of measurements into data that correspond to the State Standards 
GOST 2177-82. The computer complex makes it possible not only to carry out accelerated FDPP but also, using 
the capabilities of the modern computer and the algorithms developed, to solve various.analytical and technological 

problems in petroleum refining and related areas on the basis of the simulation of FDPP. Preparation is underway 
for commercial production of "Polotsk" computer complexes by the "Izmeritel'" factory (the town of Novopolotsk). 

C O N C L U S I O N S  

1. We carried out simulation of the temperature measurement system in conducting fractional distillation 

of petroleum products. 
2. It is shown that under standard dynamic conditions the error in measuring the temperature in the process 

of FDPP by a TN-7 glass thermometer may attain 15-25~ or more. 
3. Two methods of determining and accounting for the lag in the readings of the thermometer in the course 

of FDPP are proposed. 
4. Knowledge of accurate values of temperature under dynamic conditions is of fundamental importance in 

solving problems on the basis of the simulation of FDPP and in creating a computer complex for analyzing petroleum 

products using a low-inertia system of measurement. 

N O T A T I O N  

a, symmetry index of the FDPP curve for z = 1; b, rate of change of the temperature in the object, ~ 

of time; C, heat-capacity coefficient, J / (kg.  K) ; F, surface area, m2; k, index of the intensity of the FDPP for r -- 

1; El-I, heat losses, W; T, temperature, ~ t, time, sec; At, change in time, sec; V, volume, m3; a ,  heat-transfer 
coefficient, W/ (m 2- K); A, thickness of the glass wall of the thermometer body, m; e, inertia of the system, units 
of time; 2, thermal conductivity, W/(m-K);  v, fraction of distilled petroleum product, volumetric; Av, change in 
the fraction of distilled petroleum product, volumetric; p, density, kg/m3; z, dimensionless parameter; AO, lag in 
the readings of the thermometer, ~ Superscripts: i, initial; f, final. Subscripts: s.b and e.b, start and end of boiling 

of a petroleum product; mer, mercury; g, glass; av, averaged; m, main; c, control; v, vapor of a petroleum product. 
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