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1.Introduction

1.1.General

In the frame of the Food Characterization ActivEnginSoft is in charge of developi
a digital 3Dcomputational fluidic dynamicmodel of the HPC1, taking into account
temperature, light, humidity, 02 and air velocity distributions. ©model will be use
in order to simulatearious conditions in which the plants grow inside the cham For
this, it has to be previously validatby comparing and correlating its computed res
with real,experimental data of the existing hardware usaderMPP, the HPC.

The scope of this document is to define the requargs for the measurements to
made in the MPRn the frame of Call Off Order on the HPC1 in order to feed t
theoretical 3D modeof the chamber with experimental data of tempgrthumidity,
light and air velocities distributio

These requirements include the additional instruatemm needed for the speci
purpose of the mapping.

1.2.Validation

This mapping activity can in arst approaclvalidate the operating scenario of the “
model” (without plants)developed by EnginS¢, as shownn appendix and in full
detail in TN3.22.

As a matter of fact the CFD calculation describedhie appendix, gives hints and cl
to where experimental probes should be placed, in order @ ghe maximun
information with the minimum cost of hardwe

Hence it is assumed thtite boundary conditions of the blower, trays spacimggall es
etc. when the model validatiis made are the ones described NB.2z.

1.3.Future

The mappingequirementare nevertheless intended to be used also forefgitenarios
where plants evapotranspiration processes will &teexample T and RH, and whe
different type of canopies will require differerays spacing.

2.Scope

The present document specifies the requirementhéomapping of HPC1 compartme
to be done in the MPP for the following parametdesmperature, humidity, light and «
velocity.
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3.Reference and applicable documents
3.1.Applicable documents

AD1 19071/05/NL/CF Frame Contract between ESA and UAB #

AD2 MPP-OFR-083001(3) Proposal for Call Off Order 6HPC1 installatior
and start-up in the MPP

AD3 MPP-QA-0706001 MPP Quality Manual

AD4 MPP-QA-07000: MPP rules for good lab practices

3.2.Reference documents

RD1  TN85.71 HPC1 User Manual
RD2  TN95.1 HPC1 control requirements and software descri|

4 Acronyms/Definitions

HPC1 Higher Plant Compartment 1

MPP MELISSA Pilot Plant

UAB Universitat Autonoma de Barcelona
MELiSSA Micro Ecological Life Support System Alternative
CFD Computational fluid dynamics

PLC Programmable logical computer

RH Relative humidity

HPS High Pressure Sodium

MH Metal Halide

HVAC Heating Ventilation Air Conditioning
SES Sensor for Electromagnetic Spectrum
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5.General Description of the HPC1 hardware

The HPCL1 is a culture chamber composed of threarsigh where hydroponics cultu
can be achieved inside 20 trays that can be mol@d ahe chamber axis. 9 lam
located at the top of the cultivation chamber ditghe plants through a glass top |
In the cultivation volumethe ar is conditioned for temperature and humiccontrol and
re<circulated inside the chamber. It moves througHeamym positioned on one of tF
side walls of the chamber and through 9 air gripesitioned on the uppeide of the
growing volume.

\\ L

As shown in the picture above, an opening placettieabottom of the chamber dirs
the air back into the HVAC syste
See RD1 for more details.
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6.Measurement specifications

6.1.Light Intensity
6.1.1.Types of measurements
Two different types of light measurements vtake place:
1. Attray level
2. Below the upper glass under the two different ligimps (in the chambe

6.1.2.Measurement at the tray level

The light intensity should be measured in proxinofythe trays with a sensable to
detect the electromagnetic spectrum (SES). Thensymeasurement points are shc
in the following figures As the measurements do not need to be perforhexd the
same time, th&ES sensor could be moved from one measurement feoanothe in
order to cover all thepecifed positions

A=20cm
Distance between
+ Probe |NLET
« Wall C
« >

B=20cm ) )
Distance between ¢ C/2 > < Ci2
* Probe SES
¢ Top of the tray

A . B A
SES = Sensor able to detect the i

Electromagnetic Spectrum B B B
TRAY

Figure 1 Measurement points in the cross section
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A plane placed in the
middle of Inlet 1

A plane
placed in A .
. plane placed in
m_|ddle of the between Inlet
inlet 5 7 and 8
Figure 2 Measurement points along the axis
The SES sensor type (TRISTAN proposedby NTE in agreement with UAEis
regarded as adequate for the spectral characten:
6.1.3.Measurement below the upper glass
The W/nf distribution should be also monitored right belohe ttempered glas
(approximately 5cm distance) which divides the chanfrom the lighting system for tt
two different lamps.The objective is to evalte the spatial distribution of the lig
intensity and to characterize the spectrum of dnepls.Thereforethe light measuremel
points should be placed as shown in Fic3.
GLASS /./
Light
Measurement
points
Figure 3 Light measurement points
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Again, the SES sensor could be moved from one measnt point to another in ord
to cover all the spec#d positions

As the plant growth chamber is equippwith two different typesf lamp (600W HPS
and 400W MH), the measements should be done at 100% power for each ty@pdd
be any one but must be the same for the 5 measnterdeiringthe measurements the
electrical power of the lamp under consideratioausth be monitored with at least
amperometric clamp (one shvalue for each point).

The accuracy of the probe should be at least 108teaineasureme!

In order to stabilize the glass temperatures amd liihting system ventilationthe
measurementshould be takeiafter approximately 15 minwteto allow for thethermal
inertia of the system to stabilize. In order toowadl repositioning of the sensor, t
chamber will be opened, the sensor moved the chamber closedgain: during this
operational time lights should not be switched arffi 15 minutes must kawaited to
stabilize again thehambeiinternal conditions.

The assumptions made for the light measureispecifications are:

1) The sequence of the lamps from 1 to ¢
600w, 400W, 600W, 600 W, 400W, 600W, 600 W, 400W, 6(
(3 MH and 6 HPS lamp

2) The plant evapotranspiration process does not taffgbt intensity. Indeed thi
process does not yield excessive water volumeidratand air opacity changes
negligible. Hence the light measurement could lerteonce, with th«objective to
characterizeéhe light intensity

6.1.4.Light Measurement conclusions

In conclusiontables 1 and summarize the light intensity experimental mapgioints
needed inside the chamber for a single scenarimtad amount of 19 measurement
required.

During the measurementbe temperature and RH inside the chamber shotLacquired
on the 3 internal chamber probes. The T and RH carditiwill not affect the
measurementprovided that try are in agreement with thiesting condition“B” in
paragraph 3.7.

The sensor should be able to measure light in tiséolé¢ spectrum (25750 nm), any
kind of support can be chosen provided it doesnot affect the measument itself (no
reflective surfaces).
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number
Probes 5
Lamps 2

TOT 10

Tablel Measurements below the tempered glass

number
Probes per cross section 3
Cross sections 3
TOT 9

Table2 Measurements in proximity of the trays

6.2. Temperature, Relative Humidity and Air Flow

The cross section of the chamber with the trayddne measures about 75*907 (b*h).
On this section the measurert points should be placed as shown in

90
P_EII ______ i, Inlet
I |
75 :
I ]

| c '
I |

| W U i —

E &,

Figure 4:
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90

'y
L

P‘ o _' Inlet
75

Figure 4 Cross section
e Point Acentere on the air inlet at 7-8 cm from it.
e Point B positioned -8 cm from the wall, B cm from the top of the tr.
e Point Cplaced in the middle of the diagonal between paiand E
e Points A" and B' are specular and measurements c@utaken during th
way back of the movement of the trays, changing-timecting pole

The temperature and Relative Humidity probes arpiested to have the followin
accuracies:

o 0,1deg Cor T

0 3% for RH

As the air velocity field changes a lot with thadig, the measurement ranges differ
the basis of the measurement poi
1. Point A: range 0.5 40 [m/s

2. PointBand C (B'A' range 0.1 —2 [m/s]

The accuracy of the air velocity probes should 88 fm/s] measured at 0.5 [ir

The probes could be different in order to accomnmtize different velocity range
Regarding velocity, only magnitude (hot wire anerstem) probes arrequested, there is
no need to investigate direction, since it can érved from CFD simulatio

On the longitudinal direction the measurements khbe scanned as shownFigure 5
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AInp)

Figure 5 Measurements on the longitudinal direction

Therefore the sensors positioned on a moving frameneant tocan the whol 5 meters
length. The structure of the moving fraiwasproposed by NTE (see the attached |
and it is designed to ndisturbthe air flow inside the chamber.
A total amount of 17 cross sections are investijaiée position of the sections sho
be monitored and crossiecked with the centre of each air ¢
The frame should be moved from one end of the cleardbthe other anback. On the
way back,the positions of probes B and A should be swappedide B ancdownside
A) to monitor in the backward moment the two other positiois and A'.
Therefore there will be 8ifferentpositions monitored with 3 sensors durinround trip,

position C being measured tw.

In conclusion,

Number
Probes per cross section 3
Physical variables per probe ( T, RH, V) 3
Cross sections 9
TOT 81
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Table 3summarizes the experimental mapping of TemperaRetative Humidity ant
Air Flow Velocity inside the chamber, for each saeo.

Number
Probes per cross section 3
Physical variables per probe ( T, RH, V) 3
Cross sections 9
TOT 81

Table 3 Measurement summary

6.3.Pressure

Five pressure probes are requirTwo probes should be placed in the plenum of
chamber (see Figure,6one probe in proximity of the HVAC turn entrance below tt
air balancing panels and above the chamber fles figure7), one probe in between tl
cooler ancheater (se€&igure8) andthe last probe in the lower right of the HVAC syst

(see Figure 9).

The objective of P1 and P2 is to check the balamredsurization of the air num

distribution system.

P3 is intended to evaluate the pressure drop b#ierelVAC system thermally proces

the air.

P4 will validate with P3 the pressure drop of tbeler.
P5 will validate with P4 the pressure drop of tleater and with P1 arP2 the pressure

rise of the blower.

P1

P2

Figure 6 Pressure probes in the plenum of the chamber
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Air
balancing
panel

Figure 8 Pressure probe between the heater and the cooler
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Figure 9 Pressure probe in the HVAC

6.4.Data acquisition conditions

During the mapping tests, the PLC (control systeshpuld perform the mappin
measurements of T, RH and -flow on all available points at the same ti

6.5.CO, system

In the absence of plants inside the chamber the @&#ing is not relevant. Since 1
first modelling step does not deal with plants, @@2 majping is currentlynot in the
scopeof these requiremes.

The CO2 mapping will be a relevant issue during seeond step of the chamt
characterization when canopies will evapotransg.

However, the CO2 distribution inside the plant gitowhamber, ¢ the distribution of al
the other environmental factors, is directly rafate the velocity flow field ; furthermort
there will be a lot of diffusion transpc

Hence we assume a rather uniform distribution o2Gd the probe present for 1
control logic system sufficient, and CO2 mapping not siringcessar
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6.6.Measurement stabilization

Each measurement position has to be evaluatedc@dd® after the probe placemen
order to assure the stabilization of the physiealable under evaluatic

6.7.0perating conditions

Two relevant test conditions were identified and éach of them the measureme

required are shown itme following table

Presence RH
" . b e
Condition of plant T[°C] (a5 dictated by PLO) Light % Measurements
A no 22 See below 0 P,V, T,RH
B no 26 See below 100 | P. V. T, RH, Light
Intensity

Table 4 Test conditions

RH is governed by the control system of the chanalper could not be se-priori. The
test conditions are representative of what the RyStem can maintain inside t
chamber. Therefore the RH would be reasonable legtwiee range ¢70 % for dry
conditions and expected in this range (no real feedback ftmctionality test availabl
until now).

For reference temperature, the mean of two fixetb@es inside the chamber will
taken. The proposed temperatures (22 and 26 degeGhose that the contisystem can
reasonably maintain in the chamber. It should bteddhat these are not absol
temperatures, but a reasonable value for the mg@id could be slightly shifted for re
operating conditions. Once the reference temperdias been fixed r a single set of
measurements (A or B) it should be maintained @mdby the control system. If tl
chamber were opened during the measurements, uldshme waited, before takir
another measurement, for the system stabilizatiothe same condition(the time
estimated is about 15 mi

Pressure and velocity fields are not modified bg firesence of the plants thus
mapping of these physical variables in the dry doms is representative for all tl
conditions.

During measurements all PLC erence values on the HPC1 existing sensors sha
available to be sure of the operating conditiorsgdi@ the chambe
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7.0utputs

For each test condition and for each measurement giee following data should t
stored:

1. Position (X,Y,Z) of the frar

2. Absolute time (if available

Depending orthe probe type
3. Temperature
4. Relative Humidity
5. Air Flow velocity
6. Light intensity
At the same time the daiacquiredby the HPC1 nominal sensors (press
temperature etc..) in the control system shoulsgiored for correlatiot
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8.Measurement guide -lines

Following are the guide lines recommended for tla@pmg

e The chamber should be closed (air lock and cur)

* The plants should not be placed inside the cha

* The sensors should be placed inspecified positions

» Lights should be off for condition .

e Light should be on for condition B, all the liglgBould be at 100% power, a s
monitoring of the lamps current should be takethatbeginning and at the end
the measure condition for each lamph an amperometric clar

* The lamp sequence should not be changed duringélasurement activi

* The blower should work in stable condition (no rpnflow rate change

* The trays should be place inside the chai

* The trays should be equally spaced (position of the tray spact

* The trays spacing should not be modified duringnieasurement activi

« If the chamber were to be opened for operating oobgs, the following
measurement should be taken in the same operatimgjtions as before (bas
on the chamber sensors T and RH) (10 to 15

* It curtains only were to be opened, as before,sthbilization time should be
few minutes
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The table below summarizes the equipment requoethé proposed new measureme

Sensor Number | Position Remarks and Reminder:
Used to check the static pressure drops o
Pressure 5 Fixed air flow across the locations pointed out
paragraph 6.3
Moving on Only magnitude probes are requested in
Velocity 3 . range 0.15 m/s or larger with require
rail/frame
accuracy
Temperature 3 micl)x)rr;?neon Required range @0 deg (
Relative 3 Moving on
Humidity rail/frame
The light intensity distribution is evaluated
. . , moving the SES sensor in thspecified
Light Intensity 1 Moving position below the tempered glass and at
the trays.

Table 5 Equipment summary

The proposed new measurements are necessary dictesufor thecharacterization of

the plant growth chamb:

The moving frame for T RH and V measurement coel@duipped with at least 3 prok
and swapped at the extremity to monitor a tof 5 points for each sectic

To limit the number of probes and cut costs, just bight intensity probe could be us
As mentioned in paragrap6.1.l the light measurement are not supposed t
performed all at the same time thus the light isitgnprobe could be moved from o
measurement point to another in order to covethalspecified positions (10 point
below the glass and 9 points above the tre
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10Appendix 1 — Modelling activities by EnginSoft

Excerpt of MELISSA TN 3.22 showing the 3D CFD modehstructed by Enginsoft fi
the MPP Higher Plants Compartme

&0
€42

25D
4 &S
200
P
2480
150
o
€00

Flane location

Deflector

Figure 11 Chamber: velockly contonrs in the plenum reglon

TN 322

Engnsoft

Chamber hardware modeling
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