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ABSTRACT 

Due to temperature differences along the wall of a balance case, convective 
currents may occur which can influence the weighing. Apart from their 
dependence .on the magnitude of the temperature differences, these currents 
depend strongly on the location of the high and low temperature area. In the 
present paper an extreme situation will be discussed where the bottom of the 
balancecase is warmer than the top. Whether the convective flow is laminar or 
turbulent depends on the temperature difference. As result we find that at 
atmospheric pressures a temperature difference of 1K may lead to velocities of 
the order of centimeters per &second. Such currents may cause extra forces 
which lead to mass discrepancies in the 1.18 range. 

INTRODUCTION 

In en earlier paper (ref .l) we pointed out that temperature differences in 

a balance case can cause convection currents in the air and may so be a source 

of error in microweighing. In that paper we restricted ourselves to convection 

currents with a laminair flow pattern. In the present paper we shall set up 

estimations which may also be used beyond the limits of lamlnair flow. 

ESTIMATION OF THE VELOCITY 

An appropriate choice of the geometry of the balance case and of the 

temperature distribution can simplify the calculations considerably. For that 

reason we start from a balance case which allows for a two dimensional 

approach by having a large dimension b perpendicular to the plane of drawing. 

In the plane of drawing we take the balance ‘case to be a square (see Fig.11 

with length L. 
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Fig.1: Schematic representation of the balance case 

Regarding the temperature distribution we distinguish three parts of the 

balance case : 

- one quarter of the surface of the balance case is at htgh temperature Th, 

- one quarter is at low temperature TQ, 

- the remaining is at roomtemperature To = $ (Th + Ta). 

It has to be mentioned that this configuration will cause large convection 

effects. 

The driving force of the convection is caused by the density differences in 

the air due to temperature differences. This difference will be caused by heat 

transport to and from the low and high temperature regions of the case. 

Let us for simplicity consider the situation where the gas is divided into two 

equal parts with temperatures To + # iIT and To - # &T respectively. If we 
, 

restrict ourselves to stationary state conditions we learn from the 

equilibrium of forces 

Fg = #“‘bPg F 
0 

(1) 

where Fg is the friction force eau8ed by the wall and f is the density of the 

gas. 
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For the heat transfer P In the LHS of the case from wall to gas we use 

P = I?bK (TV - ho - BAT) (2) 

where K is the heat transfer coefficient. 

The average temperature of the gas In the lower part of the case is taken to 

be To + t AT. The heat balance for steady state conditions results in the 

equation: 

P = PC ;i2b $ 2 AT ;Y,fp& I, _ 

2 “Iv 
= t p(lbvAT (3) 

Here the assumption has been made that the air warms up at a constant rate 

over half a cycle. 

For the frictional force Ff we use under non-lamlnar flow conditions 

Ff - 
f 1 pv2 411b (44 

where 

v is the average flow velocity and 

f is the drag coefficient. 

One of the advantages of the geometry chosen is the fact that we may expect 

the convection current to approach a circular shape. This reduces 

conscientious objectfons due to neglecting internal frictional forces. 

In the case of laminar flow we use 

Ff = 4&b + rl = 16 br)v 
, (4b) 

where 1~ Is the viscosity of air. 

In both cases we are left with four equations from which we can solveAT, P, 

Ff 
and v. 
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In the case of non-lamlnar flow, using ~cv>>K, the solution for v reads 

,‘6gk Th - To 
‘13 

v=\pfc -7-o--- (5a) 

In the case of laminar flow we get 

It is interesting to calculate when the two solutions for v are equal. Then 

equations (4a) and (4b) should be identical. This leads to the condition 

VP& = 8 (6) 
7i- i 

Considering the fact that the LHS of eq. (6) represents Reynolds number (Re) 

and that 10 
-2 

is a reasonable guess for the value of f, we get as a result 

b 
cN 

-1 ’ 

-6 - 
-+ tog ?CJ ‘To -31 -8 a! -6 -5 -4 -3 ‘\ -2 

Fig.2 Velocities in the balance case as a function of (Th/To-1) 

that the limit of lamlnar flow should occur for Re * 800 which is qufte 

acceptable. For our approximations we use the following values. 

K = 2,5 Wms2K; rl = 2 10-5 Nsm 
-2 

; P=lkgm 
-3 

; C = lo3 WsK-‘kg-l; 

i? = 0.3m; f = 10 
-2 
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Fig.2 shows the resulting velocities where the curves a and b refer to the 

equations Sa and 5b respectively. 

ESTIMATION OF THE FORCE 

In order to estimate the disturbing force caused by the convection flow we 

have to make assumptions about the shape of the part of the balance that is 

submitted to this flow. We have assumed this part to be a sphere. This should 

In principle allow for the use of Stokes’ equation at very low Reynolds 

numbers and for the use of a quadratic relation in v at high Reynolds numbers. 

These two can be combined by using 

Fd = 5 FiAv2Cd 

Where the drag coefficient Cd Is dependent on Reynolds number. 

For the values of Cd we used the data presented in ref. (2). 

a typical value 10m4m2. The values of the force resulting 

are presented in Fig.3. 

(7) 

For A we use as 

from equation 7 

To -11 

Fig.3. Disturbing force as a function of (Th/To -1) 

When considering these results we should not forget that quite rough 

approximations have been used and that very unfavourable temperature 

distributions have been chosen. 
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