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Estimating PetaBox Airflow Requirements

Background: 

Thermal measurements on the new Redbox nodes indicate that disks will remain cool under reasonable operating conditions. With unobstructed airflow, the maximum rise above ambient was measured at 12C across 16 disks on 4 nodes1. Thus if we target a max operating temperature of 45C (well below the manufacturer’s specifications2 of 55C), we should be able to tolerate an ambient cold air intake temperature of up to 33C (91F). 

However, when the fan intake area was occluded by 50% to simulate restricted airflow, disk temperatures underwent a dramatic rise up to as much as 22C above ambient1. To operate under these conditions, we would either have to keep the air intake temperature to a cool 23C (73F), or accept higher disk temperatures. Furthermore, when the sample size is thousands of disks rather than 16 disks, greater temperature rises are to be expected.

This severe temperature rise with restricted air intake underscores the need to provide sufficient airflow at the rack level in order to keep disk temperatures down.

Goals:

We wish to estimate the real volumetric airflow of  individual 1U nodes under acceptable operating conditions and use that as a baseline for defining rack-level airflow requirements.

Method:

Commercially available instruments for measuring real volumetric flow are expensive and cumbersome. They are generally more suited for HVAC systems than 40mm fans.  However, a handheld anemometer can be easily adapted to measure volumetric flow.

A simple hood was constructed to channel all of the airflow from a single fan through the anemometer’s vane. Multiplying the anemometer’s output (in ft/min) by the effective area of the vane (ft2) yields volumetric flow (ft3/min or CFM) for the fan under test. Finally the airflow resistance of meter itself was characterized and accounted for.

As a sanity check, the meter’s calculated airflow resistance was applied to a different fan whose characteristic curves were known and the flow rate was predicted. Then a measurement was taken to confirm the accuracy of the model. 

Calculations & Results:

The Kestrel 2000 anemometer from Nielsen-Kellerman3 has a vane aperture of 1” diameter. Thus the effective area of the vane is:

A = r2 = (0.5)2

A = 0.79 in2 = .0055 ft2

The linear flow rates of the four fans along the back of a prototype system were measured and the volumetric flow rate was calculated as shown in Table 1.


Fan 1 
Fan 2
Fan 3
Fan 4

ft/min
640
710
720
660

CFM
3.5
3.9
3.9
3.6

Table 1

Were we to stop here and add the flow rates together, we would have a total of 14.9 CFM for each node. 

However,  the measured flow rate is reduced by resistance of the meter itself. Therefore we can improve our estimate by characterizing the resistance of the meter and accounting for its effects. This is easily done by measuring the flow rate of one of the fans in free air and comparing that to the unimpeded flow rate from the fan curve. The difference between the two is attributable to the flow resistance of the meter.

Fan 1 free air velocity = 1070 ft/min

Fan 1 free air volumetric flow = 1070 ft/min*0.0055 ft2 = 5.9 CFM

Flow resistance is a relationship between pressure and volumetric flow governed by the following equation4:

R = P/G2  


Equation 1

Where R = flow resistance, P = increase in air pressure, and G = volumetric flow.

Given G = 5.9CFM from above, P can be determined graphically from the fan curve (See Figure 1, green line). It is approximately equal to .08 inH2O. Inserting the values for P and G yields:

Rmeter = .08/(5.9)2 = 0.0023 (inH2O min2)/ft6

In a similar fashion, the flow resistance can be determined for the redbox and meter together.

G = 3.5 CFM

P = 0.13inH2O (from Figure 1, blue line)

Rtotal = 0.13/(3.5) 2 = 0.011 (inH2O min2)/ft6

Resistive elements in series are added5, and thus we can determine Rredbox by:

Rredbox = Rtotal - Rmeter = 0.011 – 0.0023 = 0.0087 (inH2O min2)/ft6

Substituting into Equation 1 yields:

.0087 =  P/G2 


P = .0087*G2 
(English Units)

This equation characterizes the flow resistance of the redbox and can be plotted on the fan curve (Figure 1 red). The operating point of the system is determined by the intersection of these curves and can be found graphically:

G = 3.8 CFM
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Figure 1

Thus we can see that the meter has reduced the flow rate by 8-9% (from 3.8 CFM to 3.5CFM). Assuming that the system is linear over small regions, we can scale the earlier estimate by this same percentage.

Gtotal = 14.9 CFM * 1.085 = 16.2 CFM

Thus we have established 16.2CFM as the nominal unimpeded airflow through the system under test in free air.

Sanity Check:

The flow resistance for the meter was derived based on its interaction with a single fan. If the resistance has been accurately modeled, then that value should apply to other fans and systems as well. To verify the accuracy of the model, it was applied mathematically to a different fan and a prediction was made of the flow rate. That fan was then measured and compared to the prediction.

Since the supplied fan curves are in metric units, we must first convert the units and then we can predict the flow rate.

0.0023 (inH2O min2)/ft6 * 25.4 mm/in * (3.28ft/m)6 = 72.7 (mmH2O min2)/m6

P =72.7*G2 

(Metric Units)
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Figure 2

Points along this curve have been plotted in Figure 2 (red). Solving graphically we can see that the predicted operating point for this fan/meter combination should be approximately 0.12 m3/min (CMM) and 1.1 mmH2O. In English units this corresponds to 4.3CFM and .043 inH2O.

Now that we have predicted the flow rate, let’s look at how well the measured value correlates with the prediction.

The fan was measured at 780 ft/min. This yields a flow rate of 4.3 CFM

Fan 1 free air volumetric flow = 780 ft/min*0.0055 ft2 = 4.3 CFM

Thus the model correlates very well and can be used to predict the performance of different fans. Therefore, our earlier estimate of 16.2 CFM/node is confirmed.

Conclusions:

A method was devised to measure volumetric airflow and applied to the redboxes. The model was then independently verified on a completely different system and used to predict results with reasonable accuracy.

The volumetric airflow of a single node was found to be a little over 16CFM. Thus to support 80 units, the optimal rack must provide approximately 1300CFM to achieve the same airflow.
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