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Abstract - The norm for component cooling in the server industry today is passive heat sinks 

utilizing system level airflow. While the larger fans supplying the air flow can be made very 

efficient, they typically consume large amounts of power. Ionic air moving devices are under 

investigation in many industries, including the computer industry, as a low power alternative. Ionic 

devices are not capable of the same high-velocity airflows as axial fans and blowers, but have the 

advantage of being made part of the heat sink, providing sufficient localized flow. A small axial fan 

supplying local air flow to a heat sink was compared to an ionic device incorporated into the heat 

sink to compare power consumed, while cooling a simulated component to a reasonable 

temperature. It was shown that the ionic device provided the same cooling for an input of 0.17 W 

compared to the fan at 0.40W.  Local cooling represents a paradigm shift from system level 

cooling, but these data show that in this new paradigm, the ionic devices can provide cooling at 

lower power input than conventional axial fans. 

 

I. INTRODUCTION 

Passive cooling of heated electronic devices is currently the norm in server and  

mainframe-type computers. The heat sinks take advantage of system-level air flow 

provided by larger fans at the inlet and/or outlet side of the system enclosure. While these 

fans can be made very efficient (35 – 40% static efficiency) they consume much more 

power than smaller, less-efficient fans often seen on fan sinks. It is difficult to compare 

the efficiency of a large fan providing system level flow to  a smaller fan providing 

localized flow since the system level fan would likely be cooling more than one 

component, but given the inherent flow length losses between the larger fans and the 

heated components, it is easy to imagine scenarios which these losses would dominate the 

overall efficiency, rendering the system as a whole less efficient that a system cooled 

with active-, and therefore locally-cooled, fan sinks. 

Ion driven air moving devices are under investigation in many industries 

including the computer industry. Their lack of moving parts and nearly silent operation 

offer an attractive alternative to the turbulent and noisy flow from conventional rotary 

AMDs. Comparing static efficiency, as well as airflow and back pressure, between the 

ionic devices and rotary devices shows significant disadvantages to the ionic devices. 

They provide less airflow, and much less pressure at lower efficiency. One key difference 
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between the devices is that the ionic device can be incorporated directly into the heat 

sink, thus rendering the efficiency comparison invalid. What matters is how much power 

can be cooled for a given energy input to the air moving device. The current study 

compares a small fan sink to the same heat sink with an integrated ionic device.  

 An ionic air moving device is characterized by the breakdown of air into ions in 

the presence of a high electric potential and an electrode with a high curvature. The ions 

then flow across the potential gradient.  Momentum transfer between the ions and the air 

molecules result in airflow. Investigations of ion-driven gas flows are ongoing in such 

fields as electronics cooling [1], combustion in microgravity [2, 3] where the flame is the 

ion source, extinguishant dispersion [4], control of soot in flames and filtration [5]. The 

common structure across these applications is a thin cathode, such as a small diameter 

wire or a needle, and a larger anode. The anode can be a flat plate, which is typically 

paired with the wire type cathode (Figure 1), or a ring anode paired with a needle cathode 

(Figure 2). In the current study the anode, sometimes referred to as the collector, was a 

heat sink. 

 

 

 

Figure 1. Schematic of an ionic air moving device consisting of a wire electrode and a plate electrode.  
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Figure 2. Schematic of an ionic air moving device consisting of a pin or needle electrode and a ring electrode. 

 

 

These flows have been documented since before 1709 as mentioned in a review 

paper by Robinson [6], but the first well documented work was considered to be by 

Chattock [7] in 1899. Weinberg, and Dunn-Rankin [2, 3, 4, 8, 10] have previously 

demonstrated improvements in flow rate, back pressure, and optimizations in geometry 

over earlier work, and have done much to demonstrate the viability of this technology.  

The physics behind these flows has been well studied and characterized. A thorough 

treatment is given in [3, 9, 10, 16, 17].  

Ionic flows are often characterized by which electrode is positive and which is 

negative. If the source electrode is positive, it is characterized as a positive ionic flow, 

and conversely if it is negative, the flow is a negative ionic flow. Chen and Davidson 

found that negative ionic flows have higher velocities than positive ionic flows [11].  

This result was also reported by Moreau et al [12], and Tsubone et al [13].  Komeili et al 

[14] compare the flow profiles of positive and negative ionic flows, as well as concluding 

that negative ionic flows had higher flow than positive ionic flows.  

Many researchers have looked at providing, localized enhancement of flows 

using ionic devices. Yue et al. [18] reported using ion driven devices to enhance the air 

flow on to a specific electronic device, rather than to cool with a system level airflow in 

the conventional sense.  The current literature [1, 8, 9] suggests that ionic air moving 

devices are not capable of generating large system level airflows, however there has been 

some success reported cooling a laptop computer [19], which typically employs local 

cooling with rotary devices.   
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Efficiency is discussed in several papers [8, 12, 15, 16, 17], however few 

attempts have been made to compare conventional fan sinks to heat sink integrated ionic 

devices. 

II. PROCEDURE 

A small aluminum extruded profile heat sink was placed on a circular cartridge 

heater, and placed in a flow bench. The overall dimensions of the heat sink were 31 mm 

length x 31 mm wide x 28 mm tall with a base thickness of 2 mm (26 mm tall fins). 

There were 12 fins, each 0.9 mm thick with 2mm spacing. There was a 4 mm space 

between the center two fins. Air flow to the heat sink was provided by either a 25 mm 

axial fan, or by integrating an ionic airflow device. The ionic device consisted of 5 

common 3 mm sewing needles as shown in Figure 3. 

 

Figure 3. Sketch of the heat sink ducted to the axial fan, and the heat sink as part of a 5 needle ionic air moving 

device. 
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A 20kV Acopian DC power supply was used to supply a potential between the 

needle and the heat sink for the ionic device. For negative ionic flow, negative potential 

was applied to the needles, and the aluminum heat sink was grounded. For positive ionic 

flow, the negative potential was applied to the heat sink, and the needles were grounded. 

Air flow was measured using a flow bench consisting of an air flow source and a 

chamber. Air flow through the chamber was balanced with air flow from the ionic air 

moving device by closing a valve between the air flow source and the chamber. When 

static pressure in the chamber was zero, the air flow into the chamber from the ionic 

device was the same as the air flow out of the chamber from the air flow source. Static 

pressure was measured with a Setra 339-1 digital manometer. Volumetric air flow was 

measured with a Miriam 50MW20-1F linear flow element and a Datametrics 1018 

differential manometer. 

At each point, voltage and current to the ionic air moving device were measured. 

These data were used to generate the P-Q curves used to determine static efficiency. 

Voltage to the ionic device was measured using a Hewlett Packard HP3468A DMM 

attached to the voltage sense terminals of the Acopian power supply. Current was 

measured also using a Hewlett Packard HP3468A DMM attached to the current sense 

terminals on the Acopian power supply. The offset for voltage readings was 1 V 

indicated for 10,000 V output. For the current measurement, 1 V indicated 1 mA output. 

Since efficiency is a function of distance between the emitter and the collector, 

this distance was varied from 11 mm to 35 mm and static efficiency was determined at 

seven increments to determine the optimal distance.  

Heat was applied to the heat sink using a 19 mm diameter circular heater with 

thermal grease between the heater and the heat sink. The heat sink base temperature was 

measured with a thermocouple when evaluating the fan. 

The fan was fully ducted to the heat sink when placed on the flow bench. The 

fan was powered up along with the heater, and the temperature of the heat sink base in 

the middle of the heater was measured with the thermocouple. The airflow through the 

heat sink was measured using the flow bench, and the power used by the fan was noted. 

The fan was then removed, and the 5 needle ionic device was assembled, and powered to 

the same airflow as the fan. Power used by the ionic airflow device was measured by 

noting the voltage and current drawn by the device. 

 

III. RESULTS 

With the axial fan at full speed, fully ducted to the heat sink, the thermal 

resistance from the base to the air was 1.9 C/W. This was achieved with the fan 

consuming 0.4W of electrical power. The airflow through the heat sink was 462 cm3/s 

(0.98 SCFM). The heater supplied 17W of power.  

Figure 4 shows the static efficiency of the ionic device using the heat sink as the 

collector, for various needle to heat sink distances. Based on these data, the needles were 

placed 21 mm in front of the heat sink for both the positive and negative ionic device.  

 The 5 needle positive ionic device consumed only 0.19 W at 462 cm3/s through 

the heat sink. Subsequently the device was reconfigured as a negative ionic device and 

was tested at 462 cm3/s, consuming 0.17W as shown in Table 1. 
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Figure 4. Static efficiency as a function of distance between the needle and the heat sink. Static efficiency peaks 

at a distance of 21 mm between the needles and the heat sink. 

 

Table 1. Comparison of power consumed by each air moving device at 462 cm3/s air flow. 

Device Airflow Power

(cm
3
/s) (W)

25 mm Axial Fan/ Heat Sink 462 0.40

Positive Ionic Device/ Heat Sink 462 0.19

Negative Ionic Device/ Heat Sink 462 0.17
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IV. DISCUSSION 

 

The ionic devices both consumed less power than the fan when cooling a simulated low 

power electronic component at 17W heat output. In computer systems, devices of 

concern in this power range generally have to be kept below 85C at the silicon level. The 

temperature at the heat sink base is typically 70C when the silicon is at 85C, assuming 

typical thermal resistances from the silicon to the point of measurement on the heat sink 

base. Heat sink base temperature was measured only for the axial fan cooled heat sink 

due to difficulties with thermocouple measurement and ionic devices. The negative ionic 

device induces enough voltage in the thermocouple wire to cause significant inaccuracy. 

Since the needles were grounded on the positive ionic device, the thermocouple would 

have been at the same high potential as the heat sink, rendering it unreadable in that case 

as well. For these reasons, airflow was held constant between the three cases, and the 

assumption was made that the heat sink base temperature would be the same given the 

same airflow, ambient conditions, and heater power.  The uncertainty of the power 

measurements was less than 0.2%. The instrumentation used was calibrated within the 

previous 6 months to NIST traceable standards.  Because the airflow measurement was 

for reference, and was held constant it was deemed acceptable to use uncalibrated 

instrumentation.  

 

V. CONCLUSIONS 

The results of this study show the ionic air moving device used less power than a 

comparable axial fan to cool a low power electronic component. 

1) At 462 cm3/s (0.98 SCFM), the negative ionic AMD required 0.17W while the 

axial fan required 0.40W 

2) The negative ionic device consumed slightly less power than the negative device 

(0.17 W vs. 0.19 W) at equivalent airflow, but both consumed less than half the 

power as the fan. 

3) The stated flow conditions and heat sink were sufficient to cool at 17W 

component to a reasonable temperature of 70C at an ambient condition of 35C 

and 3000ft altitude. This is a typical upper bound for computer equipment. 
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