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Abstract
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Abstract: This paper reports, for the first time, on the use of thin-film platinum microheaters to
influence the flow boiling of DI water in microchannels with rapid low power heating pulses. A
custom-designed control module allows microheaters to be actuated simultaneously and indepen-
dently, enabling precise local control of flow regimes along an entire channel. In this study, bubbly
flow was converted into a slug and annular flow. This pioneering technique promises a radical im-
provement in the heat transfer and performance of flow-boiling cooling devices by actively targeting
flow conditions with high heat dissipation.
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1. Introduction

Two-phase flow boiling in microchannels, i.e., the partial conversion of a fluid into
steam, has been one of the most important research topics in the field of heat transfer for
the last decades, especially because of its promising application in high heat flux cooling
of electronic chips and components [1]. At high steam quality, the slug and annular flow
regimes of two-phase flow exhibit the highest heat transfer coefficients. Therefore, it is of
great interest to keep the flow-boiling process in these two regimes in order to maximize
heat transfer. We do this by influencing the flow regime via local heating, using thin-film
platinum heaters located at one microchannel side wall [2]. In comparison to this active
flow regime manipulation, two-phase flow boiling is currently only controlled passively
by global parameters such as mass flow rate, global heat input, channel dimensions, and
restrictions of the channel geometry.

2. Materials and Methods

A Pyrex glass lid with an array of 17 platinum microheaters with a thickness of
200 nm, a width of 300 µm, and lengths from 0.5 mm to 2 mm (Figure 1a) was pressed
onto a stainless-steel microchannel such that all heaters were in direct contact with the
flowing DI water. All platinum structures had electroplated gold pads at each end that
served as electrical contacts for spring probes. An O-ring in a trench surrounding the
microchannel provided a hermetic seal between the microchannel and the glass cover. To
induce flow boiling, 11 heater cartridges inserted into holes at the microchannel bottom
were subjected to a specific heating power. A high-temperature stable 3D-printed reactor
enclosure provided mechanical fixation and thermal isolation for all components. Figure 1b
shows an exploded view of the experimental apparatus. A high-speed camera was mounted
above to study boiling through the transparent glass lid. A micro annular gear pump passed
the DI water through the microchannel at a mass flow rate of 1.5 g min−1.
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to study boiling through the transparent glass lid. A micro annular gear pump passed the 
DI water through the microchannel at a mass flow rate of 1.5 g min−1. 

 
(a) (b) 

Figure 1. Pyrex glass lid with 17 platinum microheaters (a); CAD drawing of experimental apparatus 
consisting of the 3D-printed reactor housing, stainless-steel microchannel, glass lid with micro-
heaters, cartridge heaters, and spring probes for electrical contact formation to the microheaters (b). 

3. Discussion 
Figure 2a shows a bubbly flow at a fixed location of the microchannel. For this pur-

pose, the 11 heater cartridges were heated with a total power of 14.18 W. Figure 2b illus-
trates the transition of this bubbly flow into a slug and annular flow with a 0.5 mm long 
microheater pulsed with a heating power of 870 mW. As seen in Figure 2, a heating pulse 
length of 110 ms was required to generate a slug flow, and a heating pulse of 205 ms was 
sufficient to generate an annular flow. 

 
Figure 2. Time frames of a bubbly flow (a) and time frames of a bubbly flow affected by an 870 mW 
heating pulse from a 0.5 mm long microheater (b). All frames were acquired with DI water at a mass 
flow rate of 1.5 g min−1 using a high-speed camera at 2000 frames per second. 
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Figure 1. Pyrex glass lid with 17 platinum microheaters (a); CAD drawing of experimental apparatus
consisting of the 3D-printed reactor housing, stainless-steel microchannel, glass lid with microheaters,
cartridge heaters, and spring probes for electrical contact formation to the microheaters (b).

3. Discussion

Figure 2a shows a bubbly flow at a fixed location of the microchannel. For this purpose,
the 11 heater cartridges were heated with a total power of 14.18 W. Figure 2b illustrates the
transition of this bubbly flow into a slug and annular flow with a 0.5 mm long microheater
pulsed with a heating power of 870 mW. As seen in Figure 2, a heating pulse length of
110 ms was required to generate a slug flow, and a heating pulse of 205 ms was sufficient
to generate an annular flow.
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Figure 2. Time frames of a bubbly flow (a) and time frames of a bubbly flow affected by an 870 mW
heating pulse from a 0.5 mm long microheater (b). All frames were acquired with DI water at a mass
flow rate of 1.5 g min−1 using a high-speed camera at 2000 frames per second.
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