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be approximately -0.025 mV (15,000 BTU/hr.sq.ft) for boiling benzene 

and -0.060 mV (35,000 BTU/hr.sq.ft) for boiling water. Heat conduction 

into the thin disc by conduction along the centre thermocouple wire 

could lead to ''low'' .measured heat fluxes and to such negative deviations. 

The boiling heat fluxes of benzene were about 60,000 

' 2 BTU/hr.sq.ft • Then the temperature gradient across the copper plate 

was 

60,000 = 220 AT 

1/12 

Under these conditions the chromel-alumel thermocouples indicated a 

copper block temperature of 420°F. Thus for the heat transfer resistance 

between the copper block and the copper plate a value of 130°F was 

estimated. This f:igure increases with time due to increasing oxidation 

distortion of the contact areas; this is the position where the 

tnermocouples leads are embedded. The heat through the con-

stantan thermocouple wire was then approximately 

q/A = 15.0 (23 + 130) 
1/12 

= 27,000 BTU/hr.sq.ft 

Figure 76 shows the increase of the centre temperature of the 

thin copper disc with the heat flux through the constantan wire. This 

graph was obtained by solving equation (K-7) and setting r 1 = 0.038. 

It is .shown that a. heat flux of 27,poo BTU/hr.sq.ft through the con-

stantan wire increases the centre temperature hy about 1.7 oF. 
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Such an error would decrease the .neasured heat flux by approximately 

q/A = 17,700 x 1.7 = 30,000 BTU/hr.sq.ft 

using equation (K-3). Hence the "low" heat fluxes indicated by the heat

flux meters and the negative deviations can be accounted for by heat 

conduction along the centre thermocouple. However, no quantitative 

correction can be applied tp the heat fluxes because the temperature 

gradient in the constantan wires is not exactly known at any time. 

Since in most experiments the copper block temperature was about 450°F 

the calculated correction of 30,00Q BTU/hr.sq.ft represents roughly the 

maximum correction. 

Experiments were performed in which the boiling plate was 

rapidly heated with the electric h~ater. Both were initially at the 

same temperature. The Honeywell Deviation Amplifier, calibrated in 

the range 0-0.l mV, was used to ~asur~ the zero shift. During rapid 

heating a negative defle~tion of the zero position was observed, which 

amounted to a maximum of -0.025 mv. When heating was discontinued 

and the boiler assembly attained a uniform temperature again the 

negative deflection was found to decrease markedly. However it not 

necessarily returned to the initial zero positioi+ after 1 hour, but 

some·ti~s required much more time. U:.:fortunately no accurate evalua

tion of the zero-shift with the temperature gradient across the 

bo~ling plate could be made, becatSe no proper thermocouples were 

located at the bottom of the boiling plate. This effect was repro

ducible, b~t was not obtained during slow heating of the boiler 

assembly. 
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The problem of thermocouple conduction errors for thermocouples 

attached to an infinite slab has been treated by Burnett (Bl5). The 

method however is not recommended for correction purposes. 

2. Electric Heater Design Data 

Tbe electric heater was designed to sustain a nucleate boiling 

heat flux of 310,000 BTU/hr.sq.ft over an area of 6 in. x 4 in. The 

electric heater was divided into 6 indpendently controlled sections, 

each capable of supplying 8,600 BTU/hr (2.52 KW). 

Three windings, each 2 ft long, were fitted into each section 

(Figure 21). Two windings in se~ies were used for 2.52 KW operation 

an~ the three windings in series were used for 1.0 KW operation. Each 

section was designed with 4 copper fins, 2 1/2 in. long, 6 in. wide 

a~d 1/8 in. thick. The temperature at bottom of the fin at the maxi

mum heat load was calculated to be 6500F using the equation applicable 

to rectangular fins. The design data are shown in Table 3. 

3. Experinental Difficulties 

The surface thermocouples introduced into the boiling plate 

necessitated a separation between the electric heater and the boiling 

plate. The contact surfaces were machined flat and tinned together for 

good thermal contact. However over long periods of steady-state runs 

with water the tin oxidized and for.med a heat transfer resistance. The 

electric heater was subsequently overheated leading to slight deforma ~· 

tion. During the unsteady-state runs these difficulties were not so 

significant. 



TABLE 3 

-
Operating Length of Surface 

Power Winding Winding Resistance Loading sg..in. Kanthal 
KW No. ft n wattlsq. in. nj_rt n "A"-1 

c·25 1 2 0.114 35_.o 0.057 315 3/4 in. x 0.015 in. 
2.5 

1.25 2 2 0.114 35.0 0.057 315 3/4 in. x 0.015 in. 

f 2 
1 2 0.114 - - - 3/4 in. x 0.015 in. 

1.0 0.2 2 2 0.114 - - - 3/4 in. x 0.015 in. 

o.6 3 2 o.348 33.4 0.174 50 3/8 in. x 0.015 in. 

~ 
\.n 



Some of the surface thermocouples proved unreliable. The 

electroplated, press-fitted thermocouples worked very well near the 

bottom of the boiling plate, where they were not subjected to the 

l~rge temperature gradients. Some of the surface thermocouples near 

the thin section of the boiling plate failed after a few runs and 

· sometimes mushroomed out of the boiling plate. Unfortunately the 

. ~ilversoldered thermocouples were not silversoldered properly and 

gave erratic readings. This difficulty however can easily be over-

c0me. 

Due to the high temperatures of the boiling plate the teflon 

deformed extensively. The leakage of benzene vapour into the room 

was a safety hazard although substantial ventilation was provided. 

The connections of the cables to the electric heater 

oxidized leading to large contact re~istances. This limited the 

power of the electric heaters considerably. 

Further difficulties were experienced in the synchronisation 

of the camera with the flash stroboscope. A modification of the 

camera pick-up was suggested. 
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