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ABSTRACT 

 
Extensive research has been conducted on pool boiling using heaters larger than the capillary length. For large heaters and/or 

high gravity conditions, boiling is dominated by buoyancy, and the heat transfer is heater size independent. Much less is known 

about boiling on small heaters and at low gravity levels. The ratio of heater size Lh to capillary length Lc is an important 

parameter in the determination of heater size dependence on heat transfer. As the ratio Lh/Lc decreases due to a decrease in 

either heater size or gravity, surface tension forces become dominant. It is proposed that transition from buoyancy to surface 

tension dominated boiling occurs when the heater size and bubble departure diameter are of the same order. Previous work in 

variable gravity with flat surfaces has shown that the heat transfer was heater size independent only when the ratio Lh/Lc was 

considerably larger than 1. An array of 96 platinum resistance heater elements in a 10x10 configuration with individual 

elements 0.7x0.7 mm2 in size was used to vary heater size and measure the heat transfer. The threshold value of Lh/Lc above 

which pool boiling is heater size independent was found to be about 2.8.   

 

 

NOMENCLATURE 

 

a - acceleration (m/s
2
) 

b - height of the embryo bubble (mm) 

g - normal earth gravity (m/s
2
)  

h  - heat transfer coefficient )/( 2KmW  

L  - length scale (mm) 

P  - pressure )(Pa  

q” - heat flux )/( 2cmW  

T  - temperature (°C)  

y -  coordinate perpendicular to heater 

   

Greek   

ρ  - density )/( 3mkg  

σ  - surface tension )/( mN  θ - contact angle (degree) 

   

Subscript   

b - boiling 

back - back of the chip 

bulk - bulk liquid  

c - capillary 

f - forced convection, air-jet on 

gen - generated 

h - length of a side of the heated area 

l - liquid 

n - natural convection, air-jet off 

sat - saturation 

sub - subcooling  

v - vapor 

w - superheat  

wall - heater wall 

INTRODUCTION 

 

Boiling heat transfer has gained considerable attention over 

the years. The ability to dissipate large heat flux with 

relatively small temperature differences have attracted 

engineers towards boiling as an efficient alternative solution 

to cooling problems. Some of the major applications include 

cooling of electronic products and design of space based 

hardware. With the advancement in device technology, the 

electronic industry is moving towards high-speed devices 

with constantly increasing thermal loads. The crisis of real 

estate in electronic packages combined with the state-of-the-

art manufacturing technology has led to the miniaturization of 

these devices. Moreover, the space based technologies require 

these products to operate efficiently under a wide range of 

gravity levels. Understanding of boiling under different 

gravity conditions and at these smaller length scales is hence 

of paramount importance to the design of these products and 

their successful operation.  

Boiling for large heaters and under earth gravity conditions 

is buoyancy dominated and is a combination of natural 

convection, liquid-vapor phase change, and transient 

conduction. The ebullition cycle associated with nucleation, 

bubble growth, departure and rewetting dominates the 

contribution to heat transfer. Many analytical models have 

been developed that predict nucleate boiling behavior in earth 

gravity. A model developed by Fritz [1], based on a quasi-

static force balance between surface tension and buoyancy, 

assumes the non-dimensional Bond number to be the 

governing parameter for bubble departure diameter. 

Additional models and correlations developed by Rohsenhow 

[2], Cooper [3], and Stephan and Abdelsalam [4], provide an 

estimate of nucleate boiling heat transfer. A significant part of 

the classical boiling curve is based on the heat transfer 

behavior in the buoyancy dominated regime. Efforts have 

been made to characterize boiling heat transfer under earth 

gravity conditions for heaters much larger than capillary 

length scales  
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where the capillary length Lc is the ratio of surface tension 

and buoyancy forces:    
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All these studies estimate heat transfer from relatively large 

heaters in earth gravity but fail to account for boiling behavior 

across gravitational environments and at smaller length scales.  

Much of this confusion can be attributed to the lack of 

understanding regarding the effect of surface tension under 

these conditions.  

Boiling in the surface tension dominated regime (small 

heaters and/or low-g) has also been studied extensively [5-

12].  However, studies on small heaters [5-7] have generally 

focused on issues like nucleation, bubble growth rate, and 

single bubble dynamics. Under low-g conditions, the 

contribution of mechanisms such as thermocapillary 

convection to the overall heat transfer becomes significant. 

Issues like the effect of dissolved gas and contaminants make 

the process even more complicated. As a result, low-g 

experiments [8-11] have also not enabled a deterministic 

model for boiling heat transfer to be obtained. The 

experiments to date have shown that commonly used 

correlations developed for buoyancy dominated regimes do 

not properly account for the effect of gravity on the boiling 

process. Although Lee and Merte [12] first obtained pool 

boiling curves for microgravity environments, little effort has 

been made in obtaining a generalized correlation for boiling in 

the surface tension dominated regime.  

It is important to define what is meant by “heater size 

independence” before moving forward. For a fluid with heater 

size comparable to or smaller than the capillary length, 

surface tension force dominates boiling. In this regime, the 

maximum bubble size becomes comparable to the heater size, 

reducing the bubble departure frequency and increasing the 

percentage dryout area. The heat flux becomes dependent on 

the heater size and boiling curve is specific to the particular 

heater size only. However, if the heater size is considerably 

larger than the capillary length, buoyancy dominates boiling. 

The bubble size, percentage dryout area and departure are not 

influenced by the size of the heater. For any heater size large 

enough such that boiling is buoyancy dominated, the boiling 

curve is heater size independent and hence can be generalized.    

Much research effort has been directed towards the effect of 

heater size on CHF. The Zuber’s correlation [13] for CHF is 

generally corrected for the heater size effect by a factor which 

is in turn a function of the ratio of heater size Lh or heated 

wire diameter R and the capillary length Lc [14-15]. However, 

no such correction factor for the deviation from the classical 

boiling behavior has been developed for small heaters or at 

lower gravity conditions in the nucleate boiling regime.   

To analyze boiling at small scales, Bakhru and Leinhard 

[16] studied boiling on small wires. They observed that 

boiling curves for small wires deviate from the classical 

boiling behavior. No typical boiling behavior from nucleate to 

film boiling was observed for Lh/Lc<0.15. Leidenfrost point 

and CHF were also not observed in their study. The heat 

transfer increased monotonically between first nucleation and 

full film boiling. It was concluded that the classical boiling 

curve is only observed if heater length is of the order of Lh/Lc 

> 0.15. They also proposed that similar behavior could be 

observed for large cylinders at small gravity levels.    

Kim et al. [17] performed boiling experiments in low-g 

environments by varying the ratio of heater size and capillary 

length for flat surfaces. It was observed that the boiling was 

surface tension dominated for Lh/Lc =1.5 and a stable primary 

bubble formed. The transition from buoyancy to surface 

tension dominated regime occurred when bubble departure 

diameter and heater size were of the same order. Henry and 

Kim [18] also performed heater size studies under high-g 

(1.8g) conditions. The boiling curves with three heater sizes 

(0.81x0.81 mm
2
, 1.62x1.62 mm

2
, and 2.7x2.7 mm

2
) were 

obtained to understand the heater size effect. Subcooling was 

varied to understand the effect on departure frequency. The 

primary bubble departure frequency was observed to decrease 

with increased subcooling due to enhanced condensation at 

the bubble top.   

The transition from the surface tension dominated to 

buoyancy dominated regime and vice versa with changing 

gravity level is also dependent on Lh/Lc. Raj et al. [19] 

observed that the heat flux for three heater sizes ranging from 

7x7 mm
2
 to 3.5x3.5 mm

2
 were similar under high gravity 

(a>0.3g) conditions. However, for a<0.3g, the heat transfer 

varied significantly with the heater size. Due to the limited 

number of heated areas used, no conclusion about the exact 

threshold value of Lh/Lc for heater size independence could be 

made.  

A study of pool boiling with varying heater sizes and 

gravity levels is needed. If the transition between surface 

tension and buoyancy dominated regime is found to be a 

function of Lh/Lc irrespective of the gravity level or the heater 

size, it might be possible to simulate many of the partial and 

low gravity experiments (surface tension regime) at normal 

earth gravity with small heaters. This paper identifies the 

threshold value of Lh/Lc above which pool boiling is 

dominated by buoyancy and is heater size independent. The 

effect of gravity is clarified by correlating the current results 

with those performed at other gravity levels and varying 

heater sizes.  

 

EXPERIMENTAL SETUP AND TEST PROCEDURE  

 

Test rig description 

 

A microheater array consisting of 96 platinum resistance 

heaters deposited in a 10x10 configuration onto a quartz 

substrate was used to measure the heat transfer distribution 

(Fig. 1).  Each heater in the array was nominally 0.7x0.7 mm
2
 

in size. Power was transferred via gold power leads 1 µm 

thick. Individual heaters had a nominal resistance of 250 Ω 

and a temperature coefficient of resistance (TCR) of 

0.0023°C
-1

. The heater temperature was kept constant using a 

bank of feedback circuits similar to those used in constant 

temperature hot-wire anemometry. The power, and thus the 

heat flux, required to maintain these heaters at the desired 

temperature were obtained by sampling the voltages across 

the heaters. The frequency response for the heaters and 

feedback circuits was very high (15 kHz). The reader is 

referred to Rule and Kim [20] for the details about the heater 

construction.  

The main advantage of the microheater array is that it 

simultaneously provides time and space resolved temperature 
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and heat flux measurements under nucleating bubbles. Images 

captured through the translucent bottom surface could be 

correlated with the temperature and heat flux distribution over 

the array for better visualization of the phenomena. The 

ability to selectively power heater elements out of the 10x10 

configuration make it ideal for use in a variable heater size 

study. Figure 1 shows the 96 element microheater array where 

each individual element is 0.7x0.7 mm
2
 in size. All heaters 

can be powered or subsets of heaters can be powered to obtain 

smaller heated areas.  For example, a 2.1x2.1 mm
2
 heated area 

can be obtained by powering a 3x3 subset of heaters as 

illustrated.  

1x1= 1 element

0.7x0.7 mm2

3x3=9 elements

2.1x2.1 mm2

1x1= 1 element

0.7x0.7 mm2

3x3=9 elements

2.1x2.1 mm2

 
Figure 1: Constant temperature microheater array 

 

Figure 2 shows a layout of the test package. The test rack 

contained a sealed boiling chamber with about 3 liters of FC-

72, the microheater array, the electronic feedback circuits, two 

video cameras, a computer, a pressure sensor (PDCR 130/W), 

some thermocouples and RTDs for the bulk liquid and 

backside air-jet temperature measurements.  

Backside cooling of the heater array was required to 

minimize the lateral conduction and to prevent individual 

heaters from shutting off at low heat transfer levels. Air was 

forced through a 1.6 mm diameter nozzle placed 10 mm from 

the backside of the heater. The cooling air flow was 

maintained by a compressed air bottle with pressure 

regulation nominally set at 340 kPa. The air-jet temperature 

varied between 17°C and 19°C throughout the experiment.  

 

 
Figure 2: CAD model of the experimental package 

 

FC-72 (C6F14, Tsat=56.6°C at 1 atm), was used as the test 

fluid. The heater size effect study was performed using two 

subcoolings, ∆Tsub=26.6°C and 8.6°C. The heater temperature 

was varied between 65°C (∆Tw=8.4°C) and 100°C 

(∆Tw=43.4°C), and the pressure was maintained at 1 atm 

throughout the experiment.    

 

Data acquisition and test procedure 

 

The selected heater elements were set to the desired 

temperature before the start of each data acquisition run. The 

two cameras and the air-jet were activated after which the 

data acquisition commenced. The LED array illuminating the 

boiling chamber then turned on–the step change in the voltage 

across the LED recorded by the data acquisition system and 

the change in illumination observed in the video were used to 

synchronize the video and the data. The data acquisition 

system was programmed to stop acquisition after 30 seconds. 

Heat flux, LED voltage, pressure and bulk liquid temperature 

data were acquired at 300 Hz while the bottom and side view 

images were taken at 29.97 Hz.   

 

Data reduction 

 
The raw voltage data obtained from the individual heaters 

for the 96 heater case were first converted to total heat flux 

and a spatial average was computed for each time step ( "

genq ). 

Figure 3 illustrates the heat transfer within the chip. Only a 

portion of the total heat generated ( "

genq ) was removed by the 

liquid ( "

bq ). The remaining portion was lost to the ambient 

either through natural convection or forced convection 

( "

backq ). Figure 3a represents the case without air-jet (subscript 

n)–a small amount of heat (
"

,nbackq ) was lost through the back 

of the chip by natural convection to the ambient air. Figure 3b 

represents the situation with air-jet (subscript f), i.e. forced 

convection whereby considerably more heat ( "

, fgenq ) was lost 

to the ambient. 

 

 
(a)                                                    (b) 

Figure 3: The schematic of the heat transfer contributions for 

the (a) natural convection and (b) forced convection cases. 

 

The energy balance for the natural and forced convection 

cases are given by: 

    qqq n backn genb

"

,

"

,

"
−=

 
(natural convection) (3) 

 

  qqq f backf genb

"

,

"

,

"
−=

 
(forced convection) (4) 

 

If the heater surface is at the same temperature for both the 

cases, the heat supplied to the liquid "

bq  for boiling remains 

unchanged, and   
"

,

"

,

"

,

"

, nbackfbackngenfgen qqqq −=−
  

 (5)
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Spatially-averaged heat flux data was calculated with the air-

jet on ( "

, f genq ) and the air-jet off ( "

, n genq ) for all wall superheats 

and 96 heater configuration. The natural convection heat 

transfer coefficient hn of 10 W/m
2
K was assumed at the back 

of the chip for the case without the air-jet. A COMSOLTM 

finite element model with appropriate boundary conditions 

and hn of 10 W/m
2
K was used to calculate 

"

,nbackq . With all 

three quantities known, Eq. 5 was solved for "

, fbackq . With the 

forced convection substrate conduction loss known, the 

COMSOL model was used to back-calculate the forced 

convection heat transfer coefficient (hf). The average of heat 

transfer coefficient over all superheats with other appropriate 

boundary conditions was used to calculate the substrate 

conduction losses for other sizes.  

The constant temperature boundary condition assumption 

for the microheater array gets worse with decreasing heater 

size. However, the heat transfer coefficient at the back of the 

chip is the same irrespective of the heater size. For the cases 

where the constant temperature boundary condition cannot be 

applied (heated areas smaller than 2.8x2.8 mm
2
), a constant 

heat flux boundary condition was applied at the heaters in the 

COMSOL simulations. This heat flux was iteratively varied 

until the area averaged temperature of the heated area equaled 

the set temperature of the heater. This value of heat flux 

( "

, fbackq ) was subtracted from the raw heat transfer to obtain 

the heat flux utilized for boiling. The uncertainty associated 

with the calculation of temperature and heat flux is discussed 

in the next section.  

 

Uncertainty  

 
Substrate conduction was the major source of uncertainty in 

the heat flux.  The uncertainty in "

genq  was negligible since 

the voltage and heater resistance were accurately measured. 

Higher uncertainties in substrate conduction were associated 

with the partitioning of "

genq  into "

bq  and "

backq . Natural 

convection heat transfer coefficients for gases can vary from 2 

W/m
2
K to 25 W/m

2
K [21]. The uncertainty in 

"

,nbackq due to 

the selection of hn of 10 W/m
2
K in the previous section was 

computed to be 0.21 W/cm
2
. According to Eq. 5, this 

uncertainty in 
"

,nbackq results in the same uncertainty in 
"

, fbackq . 

The maximum deviation in the averaged heat transfer 

coefficient from the individual value at each superheat was 40 

W/m
2
K. This error in the heat transfer coefficient resulted in 

an uncertainty of 0.6 W/cm
2
 in 

"

, fbackq  and hence in "

bq .  

The thermistor used to measure the fluid temperature and 

the RTD used to control the chamber sidewall temperature 

were calibrated in a constant temperature bath using a NIST 

traceable thermometer to within 0.2°C. For the given set of 

experiments, the bulk liquid temperature never varied by more 

than 0.4°C. Hence, the uncertainty in bulk liquid temperature 

is estimated to be less than 0.45°C. The uncertainty of 0.2°C 

associated with the calibration temperature and a temperature 

resolution of 0.29°C due to the least count of the digital 

potentiometer used in the feedback circuit could at most 

introduce an uncertainty of 0.35°C in the measurement of wall 

temperature.  

 

RESULTS AND DISCUSSIONS 

 

Heater size effect 

 
Boiling curves for numerous heater sizes were obtained in 

the normal earth gravity environment with the heater facing 

upward. The heater size was changed by varying the number 

of powered elements (1x1, 2x2, 3x3, 4x4, 5x5, 6x6, 8x8 and 

10x10). Subcooling was maintained at 26.6°C.  

Figure 4 presents a comparison of the boiling curve for the 

different heater sizes. Most of the heated area experienced 

natural convection at lower superheats resulting in low heat 

transfer. Nucleation was observed to occur between 

∆Tw=13.4°C and ∆Tw=18.4°C. With the onset of nucleate 

boiling, a significant increase in the slope of the boiling curve 

was observed. Further increase in wall superheat resulted in 

additional nucleation sites being activated.  

The boiling curves for 9 heater elements or larger were 

similar and followed the same trend, i.e. the boiling curves 

were heater size independent (buoyancy dominated regime). 

For the heated areas with 1 and 4 elements, nucleation was 

also observed to occur between ∆Tw=13.4°C and ∆Tw=18.4°C 

but the slope of the boiling curve was smaller and lower heat 

transfer was observed in the nucleate boiling regime (surface 

tension dominated regime).  

 
Figure 4: Boiling curve for different heater sizes, ∆Tsub 

=26.6°C, P= 1 atm. 

 

The bottom view images (Figure 5) and the departure 

frequencies (Figure 6) provide more insight into the 

mechanism responsible for this behavior. Figure 5 shows the 

bottom view images for 36, 9 and 4 heaters at three 

superheats. Figure 6 presents the departure frequency for 1, 4, 

9, and 16 heater cases. The departure frequency was 

calculated by correlating the bottom view images, side view 

images and the heat transfer data. Lower video capture 

frequency of 29.97 Hz and increased turbulence due to larger 

number of bubbles made it difficult to distinguish between the 

bubble cycles for the larger heated areas (>16 heaters).  

At the lower superheat (∆Tw=23.4°C), the bubble departure 

diameter was similar for all three cases. The departure 

diameter increased with wall superheat (∆Tw=30.9°C and 

38.4°C). The difference in the bubble departure diameter is 

more pronounced at higher superheat close to CHF 
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(∆Tw=38.4°C). For the 4 heater case, bubble growth was 

limited by the heater size. For the 36 heater case, four 

relatively large bubbles or vapor columns formed while just 

one primary bubble or vapor column was formed for the 9 

heater case. Visually, the 36 heater configuration can be 

achieved by combining four cases with 9 heaters. Hence, 

although the total heat dissipated was four times for the 36 

heaters case, the heat flux and as a result the boiling curves 

were similar.  

 
Figure 5: Bottom view images for 36, 9 and 4 heater cases at 

three superheats, ∆Tsub =26.6°C, P= 1 atm.    

 
Figure 6: Departure frequency versus superheat, ∆Tsub 

=26.6°C, P= 1 atm.    

 

The boiling behavior for the 9 and 36 heaters are 

representative of the buoyancy dominated regime while the 

behavior for the 4 heater configuration illustrated boiling 

behavior in the surface tension dominated regime. The 

departure frequency (Figure 6) in the surface tension 

dominated regime (≤4 heaters) was significantly smaller than 

in the buoyancy dominated regime (≥9 heaters). The departure 

frequency varied from 0.20 to 0.27 Hz for 1 heater case while 

it varied from 0.8 to 2.33 for the 4 heaters case. For larger 

heaters (9 and 16 elements), the shape, size and hence the 

departure frequency was not limited by the heated area and 

was observed to be as high as 11 Hz. For the smaller heaters, 

bubble growth was limited by the heater size and surface 

tension dominated over buoyancy. Bubble growth was not 

spherical once the diameter was comparable to heater size. 

Additional evaporation forced the bubble to stretch towards 

the top allowing contact with relatively cooler liquid. Contact 

with cold liquid increased condensation decreasing the bubble 

growth rate and hence the departure frequency. The decrease 

in the departure frequency was primarily responsible for the 

overall decrease in heat transfer for smaller heaters.    

Active nucleation site density is an important parameter in 

the determination of boiling behavior on surfaces. The 

thermal boundary layer of the superheated liquid above the 

heated surface plays an important role in the onset of nucleate 

boiling.  Hsu’s [22] model for the criteria of onset of nucleate 

boiling postulates that the embryo bubble would grow and the 

cavity would be active if the equilibrium superheat was 

equaled or exceeded all around the perimeter of the embryo 

bubble. As the temperature decreases with increasing y, this 

will be true if the temperature at y=b (height of the embryo 

bubble) is greater than the equilibrium superheat temperature. 

The thickness of the superheated boundary layer is affected by 

the area of the heated surface. As the heater size decreases, 

the thermal boundary layer thickness decreases due to 

increased edge effects. Cavities that might have nucleated on 

a large heater may not nucleate as the heater size is decreased 

as a result.  

Nucleation was observed to be dependent on the size and 

location of the heated areas. For a large heated area, the 

distribution of the nucleation site density is mostly uniform 

and the average superheat required for nucleation is also 

uniformly distributed. However, if we concentrate on a 

smaller area, the non uniformity in nucleation site density and 

superheat for nucleation becomes prevalent. There are patches 

on the array where the nucleation site density is less and/or 

the required superheat for the onset of nucleation is higher. If 

the heated area is comprised of patches like these, nucleation 

is delayed (e.g. dashed lines, Figure 7). On the other hand, 

solid curves represent locations on the microheater array 

where the required superheat was either lower or the number 

of nucleation sites were higher. As a result, onset of 

nucleation occurred at normal temperature. Even for the cases 

where nucleation was delayed, the rest of the nucleate boiling 

curve was unaffected by delayed nucleation.        

 
Figure 7: Boiling curve for different heater sizes for normal 

and delayed nucleation, ∆Tsub =26.6°C, P= 1 atm.    
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Threshold Lh/Lc  

 

Table 1 shows the threshold ratio Lh/Lc obtained from the 

current work, the 1.8g experiments by Henry et al. [18], and 

the variable gravity experiments (0.05g – 1.8g) by Raj et al. 

[19]. At the 1g condition (Lc=0.75 mm), the minimum heater 

size Lh above which boiling was buoyancy dominated was 2.1 

mm, resulting in a threshold ratio of Lh/Lc=2.8. The threshold 

value from the current work and that of Henry et al. [18] are 

similar, and are slightly higher than the value from the 

variable gravity experiment [19]. The low resolution in the 

length scales due to only three heater sizes investigated for the 

variable gravity experiment might be responsible for the 

difference in prediction. Nonetheless, the threshold value of 

Lh/Lc seems to be independent of the gravity level.    

 

Table 1: Threshold Lh/Lc (∆Tsub =26.6°C) 

 Current work Raj et al.[19] Henry et al.[18]  

g [m/s
2]

 1 0.3 1.8 

Lh [mm] 2.1 3.5 1.62 

Lc [mm] 0.75 1.38 0.57 

Lh/Lc 2.8 2.53 2.84 

 

Effect of Subcooling  

 

The boiling curves for numerous sizes at a lower 

subcooling (∆Tsub=8.6°C) are shown on Figure 8. Boiling was 

heater size independent for 9 or more heaters, similar to what 

was observed for the ∆Tsub=26.6°C case (Figure 4). Similar 

boiling curves were observed for both subcoolings for all 

sizes (Figure 9).  

 

 
Figure 8: Boiling curve for different heater sizes, ∆Tsub 

=8.6°C, P= 1 atm.    

 

The departure frequency in the buoyancy dominated regime 

was higher for lower subcooling (Figure 10) since the 

condensation at the bubble top was reduced allowing the 

bubble to grow more rapidly. Although the increase in 

condensation at bubble top decreased the departure frequency, 

the overall heat transfer remained unaffected.  

The effect of subcooling on departure frequency in the 

surface tension dominated regime is shown on Figure 11. For 

high superheats, departure frequency was higher for the lower 

subcooling case. However, departure frequency at low 

superheats was higher for higher subcooling. Moreover, no 

departure was observed for the 1 heater case and lower 

subcooling (∆Tsub =8.6°C). Once nucleated, the bubble was 

observed to periodically expand and contract. Irrespective of 

the bubble not departing, heat transfer was similar to the case 

with higher subcooling (∆Tsub =26.6°C). A strong convective 

current observed near the bubble top for ∆Tsub =8.6°C is 

supposedly responsible for the high heat transfer even without 

departure. The actual mechanism behind this convective 

current is unknown and requires further investigation.    

 

 
Figure 9: Comparison of the boiling curves for two 

superheats. 

 

 
Figure 10: Departure frequency versus superheat for the 

buoyancy dominated regime at two subcoolings.    
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Figure 11: Departure frequency versus superheat for the 

surface tension dominated regime at two subcoolings.    

 

CONCLUSIONS 

 

To summarize, subcooled boiling of FC-72 was buoyancy 

dominated for heated areas 2.1x2.1 mm
2
 (9 elements) and 

larger. Departure frequency was significantly higher as 

buoyancy dominated over surface tension. For the smaller 

heated areas with 1 and 4 elements, surface tension was the 

dominant force.  

Results from earth gravity as well as variable gravity 

measurements suggest that boiling is buoyancy dominated 

and the heat transfer results are heater size independent when 

Lh/Lc≥2.8. In the surface tension dominated regime, the effect 

of heater size and gravity level on the heat flux can be 

quantified and expressed by the non-dimensional number 

Lh/Lc only.   
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