


OCP CASE STUDIES

Building and Operating an

OCP Data Center at Small

Scale

Dr Jon Summers, Research Leader,

Research Institute of Sweden (RISE) OPEN
COMMUNITY®

((///// = Open. Together.




Agenda

- Whatisthe BodenTypeDC project?
- The design of an OCP style of data center at small scale.

- The opensource software monitoring chain.

 Operational results.

- Live and (hopefully) interactive demonstration of
remote operation of the small scale OCP data center.
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= Rapid growth in data center energy consumption in SAOSS (S
Europe from 86TWh 1in 2013 to an anticipated Visit https://bodentypeDC.eu
104TWh 1n 2020 (reference P.Bertoldi from the EU

JRCO). Project partners are:

= Aim of BodenType DC project to create a pilot data
center that is cost and energy efficient with minimal
environmental impact — to demonstrate this requires
a comprehensive monitoring and measurement tool.

= Efficiency 1s focussed on reducing power losses — no

UPS, reducing cooling power consumption — using "8’ BODEN
direct air (measured comparison with other AGENCY
methods) and better utilization of the IT systems — —

workload deployment and management. Z Fraun hofoes

P. Bertoldi, The European Programme for Energy Efficiency in Data Centres:
The Code of Conduct, EU DG JRC, Institute for Energy and Transport, 2016.
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The complete BTDC One Building
and plan view of POD1
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and plan view of POD1
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The complete BTDC One Building
and plan view of POD1
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Open source monltorlng of BTDC One

BTDC Measurement Schematic V2. 2 EnV|ronment
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Server wind tunnel arrangement
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Server wind tunnel RADIAL FAN

N/
TEMP and FLOW sensors

Set temperature with the HEX chilled
water flowrate and wind tunnel FAN
Speed.

Alr flowrate with the wind tunnel FAN —
can pressurize the cold aisle as would
happen in the contained cold aisle In
the DC.

Upstream and downstream
temperature measurements.

Can support between 1U and 4U of
Information Technology.

Currently limited control over the air
relative humidity.
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Results with the OCP Windmill Server

= Wind tunnel results are captured using the same data center
monitoring tools.

OCP HARDWARE MODEL: POWER, UPSTREAM TEMPERATURE, UTILISATION

w ' *
50 |.
o -RARRRTT | I
0.1

0.2 . . 0.5 0.6
CPU UTILISATION

UPSTREAM TEMPERATURE: E19 m20 m21 m22 m23 25 W26 W27 mM28 m29 30

. Edgetic

Uses the same opensource monitoring
system as the data center.

The project uses many different
workload generation approaches.

Note the variation of power
consumption with server supply
temperature — combination of
Increased fan power and current
leakages.

Temperatures are in °C

Pressure drop was not kept constant
for the different inlet temperatures.
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Relationship between the delta T and
power consumption of the IT.

OCP Server Power vs. AT (AP=0, Ti=20°C)

14
vy =0.0359x + 3.4805 e
12 A2 =0 0064 ‘
g .'.,l""
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0
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Power/blade [W]

= EdgeuC X 480 servers

The cooling strategy isto set adelta T
on the cooling systems to match idle
power.

When IT power increases the coolers
will speed up the supply and extract
fans to maintain the supply temperature
and to try and maintain the return
temperature based on the idle delta T.

This will result In pressurisation of the
contained cold aisle.

A more efficient strategy Is to allow the
return temperature to match the
exhaust temperature from the servers.




Innovation around thermal management
POD 1 - Cooling Units set T,

and T
PPl return GA 768875

______ . Exhausted
Phase™l

Traditional Cooler responds
Set supply : immediately to IT
Temperature and T Equipment power consumption.
expected Phase 2

delta T

| Fix the temperature
Cold aisle Tsupply of the CPUs via control
of fans irrespective of

workload.
IT Equipment Phase 3 (TODO)
Fan response to local

distributed workload,
Hot aisle - pressure and more.
Exhausted

Wind tunnel to determine AT, fixed CPU temp, regulate air consumption on Rl.

pressure. SE
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Innovation around thermal management
POD 1 - Cooling Units set T,

upply and Treturn

GA 768875
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Tr: ‘ . ]. | | Cooler responds
| 11‘ 1 | . I immediately to IT
& | power consumption.

Phase 2
Fix the temperature
 of the CPUs via control
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i Phase 3 (TODO)
I Fan response to local
distributed workload,
| pressure and more.
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Cooling system strategy
ﬁ\\ Supply Fan Settings
A |

NG

0 kWY 12 % 150C
10 KW 12 % 120 C
20 KW 20 % 120 C
30 KW 35 % 120C
a0 KW 37 % 120 C
50 KW 39 % 120 C
Power SR 40%)| 120C
Draw
(W) 0 KW 45 % 120 C
8592
Power Fan Delta
- BODEM Draw (kW) Speed (%) T (°C)
TTPEDC
q 12 120
-
22072019 11:07 |"T"H'f Lsger Connected | CPLI 080% | PLC HMI A HMIE HMIC HWA D REOOM |

Pod 1 Master

120 C

120C

120C

120C

120C

120C

120C

o | 90 %
oKW | 99 Yo
100k - B0 %
1okev - M0 %
1200 | 1D Y
130w | 80 %
140k - 89 Y
150w - 90 Y%
Exhaust
Setpoint (°C)
320

120C

| ECT10800 H2020 Pod HMI 3.5 AB
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Cooling system strategy

éf'&?\‘\ Pod 1 - Master Pod 1 Master
S tg';: % Weather Station Temp:11.8°C
= hgy : : ; _ RH: 65.4% SH: 6.9g/cum

Dew Point: 5.5°C Air Pressure; 1.0058Bar

Cooler B Cooler D
Ventilation Auto Remote Ventilation 2 Ventilation Auto Remote Ventilation

Fan Speed 39% Fan Speed 39%
Supply 23.2°C S P 23.0°C Supply 23.2°C S P 23.0°C Supply 23.2°C S P 23.0°C Supply 23.1°C S P 23.0°C

Att. 35% . . Att. 17%

Cooler Power 1200 W Server Average Fan Speed 2543 rpm Average CPU Temp. 43.1°C

IT Power 043.1 kW Server Average Delta T 758 C Maximum CPU Temp. 59.0°C
PUE 1.027 Cold Aisle Pressure: A -3Pa B 5Pa

Hot Aisle Temp: A 29.8°C B 29.8°C
RH: A236% B215%

Extract A Extract B xtract Extract D
an Speed 15% Fan Speed 15%

xtract 31.0°C

xtract RH 24%

- —
.-

[ 10/06/2019 15:05 [ VNC User Connected | CPUD39% | PLC HWMIA HWMIB HWIC __HWMID _ ROOMW | ECT10800 H2020 Pod HMI 3.5 AB

GA 768875
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Workload deployment and orchestration

MEEGBWY RE:DRIZO|vBHAOEB 2 x 000w DR ® W0 e el EeES 0% +

&« @ {4 @ Notsecure | workload-scheduler.btdc.eu/finished
Workload
Scheduler
« Finished
P Running
Search:
) Scheduled
v Finished v  Name
& Templates ) 99% CPU on all
L 80% CPU on all
L 60% CPU on all

] 40% CPU on all

L 20% CPU on all

Showing 1 to 5 of 54 entries

Action on selected ~

)

workload-scheduler.btde.su/finished®

StartTime

2019-02-04 16:20

2019-02-04 16:15

2019-02-04 16:10

2019-02-04 16:05

2019-02-04 16:00

EndTime

2019-02-04 16:25

2019-02-04 16:20

2019-02-04 16:15

2019-02-04 16:10

2019-02-04 16:05

Previous

O X

¥ oo BEEE

daniel.x.olsson@ri.se ™

Status

Action ™

Show logs
Show graphs

Delete

Action >

2 3 4 5 11 Mext

BODEN
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Varying CPU utilisation on servers using ,,
synthetic and application specific workloads. CA 768875
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Power
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Results In the following profile of power NE .
consumption A

100 kW 2.0

.I.IlJ"J‘MII“
80 kw 2019-03-28 21:37:10.188

== power_facility: 2.5 kW 15

— power_total: 81.1 kW _

= it power. 79.7 KW Changes In IT workloads causes large
60 kW = [t power: 78.9 kW - . .

~ pue._ava30¢: 1 037 variation in I'T power consumption

== pue_instantaneous: 1.031 —— . 10 = - _

= The faclility power consumption shows

40 kW MAARN

only small changes

- Instantaneuous PUE and 30 day

20 kW average PUE remains fairly constant
because of the communication
between IT and cooling controller

_-__r.-_'_- = - I ll_r“_ = - I P R 5 —— M [—

0w 1]
15:00 16:00 1700 18:00 19:00 20:00 21:00 22:00 2300 00:00 01:00 02:00 0300

== power_facility Current: 3.2 kW == power_total Curremt: 93.8 kW == jt power Current: 90.8 kW == pue_instantaneous Current: 1.035 == pue_avg_30d Current: 1.037
== it power Current: 89.9 kW

Visit https://bodentypeDC.eu
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Absolut temperature

/p

Supply and return temperatures -

;’ TYPEDC

40 °C 13 *C { N E
2019-03-28 23:15:58.549 T 20 ' GA 768875
ac oC == C0ld isle: 22.54 *C
= C0ld isle: 2257°C _ 1.
= hot isle r06 middle: 37.16°C
hot isle r07 middle: 38.59 *C :E,;
i - Extractsetpoint. ~ 34.10°C 10°C 3
we” | - e — - -“'l = Supply setpoint: 23.00 °C = _ _ _
- — dT: 12.11°C g The hot aisle temperatures varies with
| | R varying IT workload
| =
| o
_— | ae The supply temperature to the cold
aisle remain at desired setpoint
¥ i ¥
The delta T across the IT follows the
20°C 6°C expected values based on the
15:00 16:00 1700 18:00 19:00 2000 2100 2200 2300 0000 01:00 02:00 03:00

relationship studied in the wind tunnel

== cold isle Current: 22.47 °C == coldisle Current: 22.52 °C == hot isle r06 middle Current; 37.19 °*C hot isle rO7 middle Current; 38.83 °C
== Extract setpoint Current: 34.10 °C == Supply setpoint Current: 23.00 °C == JT Current 12.371 *°C

OCP Server Power vs. AT (AP=0, Ti=20°C)
14

" ' Visit https://bodentypeDC.eu
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Differential pressure and cooling units fan speeds

2.0 B0%
1.5
5%
] MU LR AU, LN § B L |T :
i LI (1
20%
8 05
(dp]
(15
o
45%
D 4 ,
o TR T vt et ek S IR T T LR TE Tt
| ' T | il
40%
0.5
-1.0 35%
15:00 16:00 1700 18:00 19:00 20:00 21:00 2200 2300 00:00 01:00 02:00 03:00
== Diff P actual Current:-0.230 == Eco Cooling supply fan signal Current: 53.000% == Eco Cooling supply fan signal Current: 53.000%

== Diff P 5min AVG Current: -0.242 == Diff P Ebtron 2 Current; 0.008 == Eco Cooling supply fan signal Current; 54.000% == Eco Cooling supply fan signal Current: 53.000%
== [iff P Ebtron 1 Current: 0.743

GA 768875
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Heat sinks iIn OCP Servers

TYPE ECOMAL00Y Y

UV B AR T DAY
TR TV A

v (@ ce @ﬁ

WVADE ™ THALLAND

LOCALLY DEVELOPED FAN CONTROLLER

Aim to achieve lower flow rates and
higher delta temperature across the
Windmill servers.

Flowrate control is also achieved by the
use of some locally developed fan
controller cards.

Run to a fixed CPU temperature on all
servers despite workload or calculate
flowrate through each server and
provide this information to the fresh air
cooling system.

Replaced aluminium heat sinks
containing embedded heat pipes with
copper heat sinks.
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Phase 2 of the holistic cooling — OCP servers

Max CPU temp
80 Deployment on entire
Server Fan Power
— | — Deployment on rack 5 DC (~460 servers)
| B B00W
= ’». EEIES
" ===
= 60D W R
80 . ¢
ILH""—H—%____.__ R o _”'i_'lll
— 400W |
50 |
|
200 W |
40 |
. h""“m.h_____h_ N — e S WSS S
30 08:00 08:10 08:20 08:30 08:40 08:50 09:00 09:10 09:20
08:00 08:10 08:20 08:30 08:40 08:50 09:00 09:10 09:20
- DOWET

Avg & Max CPU Temp ~

. | AT

——————— ] P T - Temperature in Cold and Hot Aisle
?D ,I .:___ 45 -uI: 14“:
L T P J
— 13°C
&0 e
T 40°C
P 12°C
A
v
L T S —— — =
— @ 1m*c S
L 5 35°C o
— @ @
e = =
- . — @ (=4
E 10°c 2
40 E o
08:00 08:10 08:20 08:30 08:40 08:50 0900 09:10 09:20 = 2
S 30°C &
£A 9°C o
== temperature_0_avg == temperature_0_max == setpoint = E*
©
g°C
25°C —
7°C
- B —
20°C B G L
0800 0810 08:20 08:30 0840 08:50 0500 0510 0920 0930

-l Y

w= cold isle Current: 21.60°C == cold isle Current: 21.44 °C == hot isle r0& middle Current; 40.30 °C hot isle r07 middle Curremt: 39.00 *C SE
== Extract setpoint Current; 34.00 *C == Supply setpoint Current: 22.00 * == dT Current: 13.65 *C
- |



OCP Server Power vs. AT (AP=0, Ti=20°C)

] || | 14
v = 0.039x + 34809 e
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EN LN S
55 Q\' 2 A 25kW P R S R T S e - 1.02
50 ow - 1.01
0400 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00
== power_facility == power_it == power_total - e
45 '
04:00 04:30 05:00 05:30 06:00 06:30 07:00 a0 lapre
Avg & Max CPU Temp —
a5 13.5°C
35°C
B0 ] 13.0°C =
o ==
Ll M S T
'l- '—I I-". n o — e T Ve Yexlan'a Vel s ~ ll I E g
?5 |II|I A 'I Li Li k) | |"|'I'I"|I'|" 1 P'I' :"_
£ 30°C 125°Cc 2
= 3]
5 E.
=) D
70 - = o}
= 120°C E
[qF]
EE ‘ ‘f._'-._._'_'_._"_.— S —— il
‘.,_/-f";,f 11.5°C
&0
04:00 0430 05:00 05:30 0600 06:30 0700 e - ————
20°C 11.0°C
== temperature_0_avg == temperature_0_max == setpoint 0:4:00 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00
== cold isle Current: 21.61°C == coldisle Current: 21.50 °C == hot isle r06 middle Currenmt: 35.05*C hot isle r07 middle Current: 41.20 *C
== Extract setpoint Current: 34.00 °C == Supply setpoint Current: 22.00 * m= T Current: 13.38 *C
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Phase 2 of the holistic cooling — cooling systems

I

Pod 1 - Master

Ambient Temp: A13.0°C B128°C
RH: A945% B954%

Weather Station

RH: ***%

Dew Point: 9.9°C Air Pressure: 1.0065Bar

Pod 1 Master

Temp: 9.9°C

SH: 9.3g/cum

Cooler Power 0448 W
IT Power 0408 kW

PUE 1.010

Extract A
Fan Speed 0%

Extract 29.2°C

Extract RH 34%

Server Average Delta T1435C

Cold Aisle Pressure: A -2Pa B 6Pa

Hot Aisle Temp: A 28.1°C B 27 6°C
RH A360% B335%

Extract B

W

Ventilation

Supply 17.5°C SP15.0°C
Att. 0%

Average CPU Temp.£ 0
Maximum CPU Te w

Extract D

Fan Speed 0%
Extract 29.8°C

Extract RH 33%

MWNROPMNManr-a4 |

ICRILINSG% | PI(

HMIA HMIR HMIC HMIN ROX

Y | rEC 7110800 H2020 Pod HMI 3 6 AB
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Phase 2 of the holistic cooling — cooling systems

: n Te e Pod 1 Master
Fan Tesy @ Graph4 & Graph B \Sraph
N bt D Kt Forced Auto
| Forced Auto
Extract Fan Speed
Force
Fan Speed
Running Auto |
Supply Fan Speed 20%
Running Auto =
Gfaph Data : Extract Fan Speed 5%
Handling Rack 8 K7.2C Orpm | Local Fan Speeds:
AVera Rack9 59.5C 83rpm |A 25% B 25%
Rack 10  595C Orpm [C25% D 25%
Rack 11 96.2C 110rpm I'eoid piste Pressure:
Rack12  59.3C 94rpm |A - 7Pa B 2Pa
Average 58C 81rpm =
Naimin G e OO Gans IO
il | 1PN lcSup98°C D Sup 105°C
Average
Attemperation 1%
AR 07:03. VNC User Connected | CPU0B0% | PLC HMIA HMIB HMIC HWD ROOM ECT10800 H2020 Pod HMI 4.2 RH -
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Phase 2 of the holistic cooling — cooling systems

-

Cooler A
Auto Remote Ventilation

Fan Speed 30%
Supply 150°C SP15.0°C

Att. 0%

Cooler Power 0628 W
IT Power 095 2 kW

PUE 1.006

Extract A
Fan Speed 0%

Extract 34 4°C
Extract RH 24%

’;’5\ Pod 1 - Master
A

\/ Ambient Temp: A12.1°C B11.6°C
RH. A83.9% B884%

upply 15.1°C SP15.0°C
Att. 0%

Cold Aisle Temp:A16.9°C B18.4°C C155°C
RHAG20% B54.7% C69.2%

Hot Aisle Temp: A 34.3°C B 348°C
RH A231% B202%

Extract B

Fan Speed 0%

Extract 36.4°C

Extract RH 22%

Weather Station

RH: ***%
Dew Point: 8.8°C Air Pressure: 1.0219Bar

Server Average Deita T1.86 C
Cold Aisle Pressure:

A -1Pa

Ventilation

B SPa

xtract
an Speed 0%

xtract 36.2°C

xtract RH 23%

L nanamnma1ada VNG Lesr Camnacted | CRLINSN% | Pl

HAMI 4

HMl R

H=HIAL O

MM D

ROOM |

Average CPU Te
Maximum CPU Te

Pod ‘1 Master

Temp: 8.8°C
SH: 8.7g/cum

Ventilation : Ventilation

Supply 15.2°C SP15.0°C Supply 16.5°C SP15.0°C
Att. 0%

Att. 0%

Extract D
Fan Speed 0%

Extract 37.1°C

Extract RH 21%

| ECT10800 H2020 Pod HMI 4 2 RH

N



Live and Interactive demonstration of the -
OCP POD1 operation GA 768875

Placeholder slide for around 5/10 minutes of demonstration. (Needs an interent connection!)

Show different workload deployment scenarios — kubernetes versus loading OCP servers
to their sweet spots for the environmental conditions at the time.

Hope to show results of some Key Performance Metrics.

Data will show power draw, temperature differences.

RUN DEMO

.z Eclgetic
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Call to action / ask of the OCP community

* Should data center operators be trusted to take control of
the server fans? YES/NO

* Could there be open access to extract server fan energy
consumption as well as fan metrics and data.

* Could the Open System Firmware allow greater access for
server fan data and include control for synchronised

control of the airflows between the coolers and the
(/// Open. Together.

Servers.




SUMMARY

The project operates and monitors an experimental, but realistic
test data center.

Deployed a chain of opensource software to monitor the data
center, IT utilisation and deterministic control of workload.

Created a 140kW IT footprint using legacy OCP Windmill servers,
with power, network and environmental and workload control.

Piloting a data center cooled by direct air with a low cost

humidification and an ambitious linking of facility and server fans.

RISE can characterise thermal and power envelopes of servers
using a uniquely developed server wind tunnel.

Open Research Data Pilot will be available from the end of March
2020.

Visit https://bodentypeDC.eu
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