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| Introduction

I.I Purpose and Scope

The purpose of this document is to describe the conceptual design of the Electronics Environmental

Control subsystem (EEC) for the ngVLA 18m antenna. It covers the design approach, description of key

components, and risks associated with the conceptual design. This document will form part of the
ngVLA Design documentation package.
The scope of this document covers the entire design of the Electronics Environmental Control

subsystem, how it functions, and its interfaces with other subsystems. This document does not cover

budgetary information and the specific technical requirements can be found in AD16.

2 Related Documents and Drawings

2.1 Applicable Documents

The following documents are applicable, to the extent stated in the text.

Ref. No. | Document Title Rev/Doc. No.
ADOI ngVLA System Requirements 020.10.15.10.00-0003-REQ
ADO02 | LI System Environmental Specifications 020.10.15.10.00-0001-SPE
ADO04 | Main Antenna Electronics Block Diagrams 020.30.00.00.00-0005-BLK
ADO5 | IRD to EECICD 020.10.40.05.00-0003-ICD
ADO06 | FED to EEC ICD 020.10.40.05.00-0017-ICD
ADO7 | WVR to EECICD 020.10.40.05.00-0024-ICD
ADO08 | CRY to EECICD 020.10.40.05.00-0045-ICD
ADO09 | HIL/MCL to EECICD 020.10.40.05.00-0066-ICD
ADIO | RTD to EECICD 020.10.40.05.00-0069-ICD
ADI | ATF to EEC ICD 020.10.40.05.00-0070-ICD
ADI2 | DBE to EECICD 020.10.40.05.00-0127-ICD
ADI3 | Interface Control Document: Antenna to Antenna 020.10.40.05.00-0011-ICD
Electronics

ADI4 | ngVLA System Electronics Specifications 020.10.15.10.00-0008-REQ
ADI5 | WVR Conceptual Design Description 020.45.00.00.00-0002-DSN
ADI16 | EEC Requirements Specification 020.30.60.00.00-0001-REQ
ADI7 | Antenna and Equipment HVAC Specification 1021006-SPE-21-00000-001
ADI8 | Combined Antenna Power Budget Analysis 1021006-ANA-21-00000-005

2.2 Reference Documents

There are no reference documents besides the applicable documents.
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3 Subsystem Overview

3.1 High level description

The Antenna Electronics is comprised of various equipment located in a number of places around the
antenna with the primary equipment being the Front-End Enclosure, the Auxiliary Enclosure, the FE
Cable Carrier, the Electronics Rack, the Cryogenics Equipment, and the Water Vapor Radiometer
(WVR) (Figure I). Antenna Electronics Environmental Control (EEC) is responsible for the temperature
and humidity control of all the electronics in these locations.

The primary temperature control system is a chilled (or heated as necessary) liquid glycol loop which
runs from a glycol chiller to each of the Antenna Electronics locations. The glycol chiller will be used to
regulate the temperature of both the NRAO delivered Antenna Electronics as well as the Mtex Antenna
drive components (Figure 2). Antenna Electronics located above the azimuth bearing will be cooled via
propylene glycol passing through liquid cold plates. Antenna electronics located below the azimuth
bearing will be cooled via forced air, which is in turn chilled by a propylene glycol loop. Implementation
details of the cooling of the Mtex drive components are beyond the scope of this document.

The EEC subsystem is responsible for providing the glycol chiller. All heat transferred to the glycol
chiller from the cooling loops will be dissipated outside of the pedestal via an outdoor condenser. The
outdoor condenser will be placed outside the radius of the feed arm in order to keep exhausted heat
away from the pedestal and/or antenna back up structure as it may produce localized heating of the
pedestal which can cause pointing errors.
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Figure |. Electronics Environmental Control Subsystem layout
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Figure 2. Block Diagram of Mtex Plus Antenna Electronics Heat Loads

An overview of the products EEC will supply for each Antenna Electronics location is listed below.

The Front End Enclosure resides on the feed arm at the secondary focus. At this location the EEC
subsystem shall provide:
e Glycol lines internal to Front End Enclosure
Flow control and monitoring components
Liquid to air heat exchanger with fan
Cold plate, SA501 Bands 5-6 IRD/LO Module
Cold plate, SA502 Bands |-4 IRD/LO Module
Cold plate, L501 Main LO Module
Cold plate, M507 Utility Module (EEC M&C Interface)
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The Auxiliary Enclosure resides on the feed arm between the Front End Enclosure and the Primary
Reflector. At this location the EEC subsystem shall provide:

Glycol lines internal to Auxiliary Enclosure

Flow control and monitoring components

Liquid to air heat exchanger with fan

Cold plate, M506 Utility Module (EEC M&C Interface)

Cold plate, F521 Cold Head VFD Driver Module

Cold plate, F522 Vacuum Pump and Feed Heater Driver Module
Cold plate, F523 VFD Control Module

Cold plate, F524 Vacuum Pump

The Water Vapor Radiometer is located on the edge of the primary reflector and consists of a parabolic
reflector with a dedicated Front End Receiver Module at the focus, and a Utility Module located behind
the dish (or another suitable location close by). Each module will be within an environmental enclosure
to protect it from the weather. The EEC subsystem shall provide:

Glycol piping internal to the WVR subsystem

Flow control and monitoring components

Cold plate, F507 WVR Front End RFI Enclosure Module

Cold plate, M508 Utility Module (EEC M&C Interface) RFl Enclosure Module Metalwork

The Cryogenics Equipment is located in the Antenna Turn Head, and is made up of two primary
components, the Helium Compressor and the Cryogenics RF Enclosure. The dry air system will also be

located
[ ]

in the Antenna Turn Head. The EEC subsystem shall provide:
Glycol piping to Helium Compressor and Cryogenics RF Enclosure
Flow control and monitoring components

Cold plate, M505 Utility Module (EEC M&C Interface)

Cold plate, Helium Compressor VFD Module

Cold plate, Helium Pressure Regulator Electronics Module

Dry air system module

The Electronics Rack is located in the Antenna Pedestal RFI Shielded Room and is forced air cooled by a
co-located air handler. The EEC subsystem shall provide:

Electronics Rack Air Handler

Glycol pipes to Air Handler

Flow control and monitoring components
Electronics Rack air ducting

Electronics Rack internal air flow baffles

3.2 Design Driving Requirements

The driving requirements for the EEC sub-system originate primarily from the System Environmental
Specifications (AD02), Antenna to Antenna Electronics ICD (AD17), and all of the ICD’s between EEC
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and the other Antenna Electronics Subsystems (AD09-AD6). A subset of the key requirements that
drive the design are shown in Table |-7 below.

Parameter Summary of Requirement Reference

Cooling Capacity The EEC chiller shall have a minimum cooling | EEC000I
capacity of 17.5kW.

Temperature Stability Glycol subsystem shall maintain a EEC0002

temperature stability of +/-1 °C/hr (TBC) at
each of the Antenna Electronics locations.

Glycol temperature The glycol system shall maintain the glycol EEC0003
supply between 5 °C and 10 °C.
Glycol Pump flow capacity The glycol pump shall be capable of pumping | EEC0004

the required flow rates when the antenna is
at the highest elevation (88 deg). The pump
shall have a minimum flow capacity of TBD.

MTBM The subsystem shall have an MTBM of not EECOO0I |
less than 11905 hours.
EMC/RFI Mitigation in Designs | RFI/EMC requirements shall be compliant EECI150

with and tested per the ngVLA System
EMC/RFI Mitigation Requirements.

Leak Protection Any EEC equipment that can develop a leak EECO717
of glycol shall have a way to collect or
evacuate the liquid to prevent personnel
injury or damage to other equipment

Component Maintainability All component manufacturers shall support EEC0560
their equipment and have sufficient spare
parts inventory for the design life of the
instrument (30 years).

Table I: Key Glycol System Requirements.

Standby Conditions.

Parameter Req. # Value

Solar Thermal Load ENV0360 | Exposed to full sun, 1200WW/m?2

Wind ENVO0361 | 0 m/s £ W < 30 m/s average

Temperature ENV0362 | -25C<T=<45C

Precipitation ENVO0363 | Up to 5 cm/hr over 10 mins

Ice ENV0364 | Equivalent to radial ice of 2.5 mm

Relative Humidity ENV0365 | 0 £ RH £ 100%; condensation permitted

Standby Recovery Time ENVO0366 | The system shall resume operation to specification
within 5 minutes of conditions returning to the
constraints of the Normal or Precision Operating
Conditions.

Table 2. Standby Environmental Conditions
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Survival Conditions.

Parameter Req. # Value

Wind ENV0341 | 0 m/s W < 50 m/s average

Temperature ENV0342 | -30C<T<525C

Radial Ice ENV0343 | 2.5cm

Rain Rate ENV0344 | 16 cm/hr over 10 mins

Snow Load, Antenna ENVO0345 | 25 cm

Snow Load, Equipment & Buildings ENVO0346 | 100 kg/m?2 on horizontal surfaces

Hail Stones ENV0347 | 2.0cm

Antenna Orientation ENV0348 | Stow-survival, as defined by antenna designer

Table 3. Survival Environmental Conditions

3.3 Key risks

3.3.1 Glycol Temperature Stability

Glycol cooling and heating systems are generally fairly temperature stable, and achieving +/- | deg C is
generally not a problem. However, the long pipe lengths from the glycol chiller to the various loads as
well as the length of pipe exposed to the environment have the potential to decrease the temperature
stability of the glycol.

3.3.2 Glycol Leakage

Glycol leakage is often a problem with glycol systems. Careful design and implementation are required
to minimize the risks of system leaks. EEC will include fluid capture and containment provisions for all
lines and locations that EEC is responsible for.

3.3.3 Glycol System Pressure

The glycol system is required to deliver glycol to all Antenna Electronics locations at the required flow
rates. The Front End and the Auxiliary enclosures are located on the feed arm, and when the Antenna is
pointing at the maximum 88 deg elevation the Front End and Auxiliary are at a significantly greater
height than when the Antenna is pointing at the minimum elevation of 12 deg. This results in a significant
system pressure requirement for the pump. Additionally, many components in each Antenna Electronics
location will use valves for flow control as well as quick connects to allow individual components to be
disconnected from the system and replaced. The large number of valves and quick connects introduces
significant pressure drops into the system, which when coupled with the height of the Front End and
Auxiliary enclosures could result in a required system pressure higher than desirable.
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3.4 Design assumptions
3.4.1 Glycol Chiller Load

The glycol chiller will be used to regulate the temperature of both the NRAO delivered Antenna
Electronics as well as the Mtex Antenna drive components. This document includes the Mtex antenna
loads and circuits, but not the details of their implementation beyond the interface.

3.42 Glycol Usage

Glycol will be used for all cooling of feed arm located equipment due to superior thermal density vs air.
Running air ducts out along the feed arm large enough for sufficient air flow is not practical. A Propylene
glycol and water mixture will be used throughout as it is non-toxic. A mixture ratio of approximately
40%-50% glycol to water will be used to keep the water from freezing in the survival environmental
conditions.

3.4.3 Precision Temperature Stability

Temperature stability for electronics outside of what the glycol system can supply (+/- | deg C, TBC),
will not be provided by EEC and are the responsibility of the individual subsystem. Precision
temperature stability may be achieved via a thermoelectric, or Peltier, device located between the glycol
cold plate and the electronics requiring precision temperature stability.

344 Commercial Glycol Chiller

A commercial glycol chiller unit will be used. However, some modification is expected to be necessary
to meet the RFl spec.

3.45 Commercial Cold Plates

Commercially sourced cold plates will be used as there is a large selection available such that a suitable
one can be found for each application.
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4 Environmental Control Design

4.1 Subsystem boundary, context, external interfaces, and product breakdown

The EEC subsystem provides temperature and humidity regulation of the antenna electronics at the
different locations on the antenna. The various components are shown in the decomposition in Figure 3.

bdd [Block] 30.60 Bectr Env Cntrl System (EEC) [ EEC decomposition ])

«block»
30.60 Hectr Env Cntrl System (EEC)

«block»
30.60.10 Glycol Chiller Heater

«block»
30.60.20 ELR Electronics Rack Air Handler

«block»
30.60.30 Glycol Pipes

eblock»
30.60.40 Heat Exchangers

«block»
30.60.50 Air Flow Managem ent

«block»
30.60.60 Cold Plates

«block»
30.60.70 Dry air system

Figure 3. EEC decomposition

The external interfaces of EEC are shown in Figure 4 below. The EEC interfaces with:
a) Antenna Electronics that are housed inside the modules/enclosures.
b) Antenna: including mechanical interfaces for the glycol piping and AC power connections, and
space for glycol hoses in Azimuth and Elevation Wraps.
c) Antenna: shared use of the glycol chiller.
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ibd [Block] 1 ngVLA Telescope System[ 30.60 EEC Context ])

:30.60 Env Cntrl System (EEC)

0134 - N2_IF : 26 Main Antenna (ANT)

Interface defined in AE-ANT ICD# 020.10.40.05.00-0011

0036 - N2_IF : 26 Short Baseline Antenna (SBA)

Interface defined in AE-SBA ICD# 020.10.40.05.00-0032

0017 - N2_IF : 30.05 Front End (FED)
Interface defined in FED-EEC ICD# 020.10.40.05.00-0017
0045 N2 IF :30.10 Cryogenic System (CRY)
Interface defined in CRY -EEC ICD# 02010.40.05.00-0045

0003 N2 IF 30.15 Integrated Receiver Digitzer (IRD)

Interface defined in IRD-EEC ICD# 020.10.40.05.00-0002

0053 N2 IF :30.50 DC Power Supply (PSU)

Interface defined in AE-PSU ICD# 020.10.40.05.00-0006

0080 : N2 _IF :30.55 Bins Racks & Modules (BMR)

Interface defined in AE-BMR ICD# 020.10.40.05.00-0040

Interface defined in WV R-EEC ICD# 020.10.40.05.00-0024

: 30.45 Mon & Cntrl HW IF Layer (HIL)

0066 - N2_IF

Interface defined in HIL - EECICD# 020.10.40.05.00-0066

0067 : N2 IF

©30.70 Ant Fiber Optic System (AFD)
Interface defined in AE-AFD ICD# 020.10.40.05.00-0041

0024 . N2 \FEF : 45 Water Vapour Radiom eter (WVR)

0089 12 IF : 35.10 LORef & Tim ing Distr (RTD)
Interface defined in RTD-EEC ICD# 020.10.40.05.00-0068

0070 : N2 \FEEI :30.35 Antenna Tim e & Freq (ATF)

Intterface defined in ATF-EEC ICD# 020.10.40.05.00-0070

Vg Bl v I vy il Vg ) Vg I Vg NN g BN g g O g N g B

0127 : N2 IF : 30.25 Digital Back End (DBE)
Interface defined in DBE-EEC ICD# 020.10.40.05.00-0127

Figure 4. EEC External Interfaces

4.2 Product design
4.2.1 Glycol Chiller

The EEC subsystem is responsible for providing the glycol chiller which will regulate the temperature of
all heat producing electronics on the antenna. The glycol chiller will supply temperature stable glycol to
the entire antenna for all operating conditions and environments. The glycol chiller will be used to
regulate the temperature of both the NRAO delivered Antenna Electronics as well as the Mtex Antenna
drive components. However, the details of the implementation of the Mtex loads and circuits beyond
the interface are not considered here. As a result, a specific glycol chiller unit has not been selected. A
full cooling system analysis is being performed by an Mtex subcontractor, considering all of the
requirements of both the Antenna Electronics as well as the Mtex drive electronics.

All heat transferred to the glycol chiller will be dissipated outside of the pedestal via an outdoor

condenser, which is desirable as any heat exhausted near the structure may produce localized heating of
the pedestal which can cause pointing errors.
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The antenna elevation ranges from 12 deg to 88 deg, which will cause a change in system pressure and
flowrate relative to the antenna elevation. In order to maintain a constant glycol flow rate with changing
antenna elevation, the glycol pump will likely need to be variable frequency drive.

The glycol used in the system will be propylene glycol due to its non-toxicity. The glycol will be mixed
with water, with approximately 40%-50% glycol to water. The water has a higher heat capacity for
transferring heat away from a heat source and the glycol keeps the water from freezing.

The glycol chiller will need to communicate with the Monitor and Control subsystem. At a minimum,
the M&C subsystem will need to know if the glycol chiller is functioning within spec or not. Details TBD.

A glycol chiller representative of what might be selected is the Mobile Liquid Cooling System, Type
Module-R 20 STA, made by Weisstechnik (Figure 5). It is outdoor-rated, with stainless steel and
aluminum framing and sheeting for corrosion protection. These units also come with various features
that allow them to self-regulate pressure and flow in the pump, maintain a desired temperature of the
control tank, and even shut itself off should the glycol level in the reservoirs fall too low.

Figure 5. Mobile Liquid Cooling System, Type Module-R 20 STA, made by Weisstechnik
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42.2 Flow Control

The glycol flow control concept utilizes both manual valves and electronic proportional flow control
valves (Figure 6). Each major Antenna Electronics location will utilize an electronic proportional flow
control valve that adjusts the total flow of glycol to that location. Each consumer of glycol (e.g. cold
plate, heat exchanger, etc.) will have a manual flow control valve that will be set such that the required
flow of glycol is met for each piece of equipment in that location. Once all manual valves are set, the
proportional flow control valves can regulate the flow, and the temperature of the equipment should all
basically track together. The proportional flow control valves can also adjust the flow based on need or
environmental conditions. The level of feedback and the required level of precision are TBD. The
proportional flow control valves will most likely adjust flow rates based on monitored electronics
temperatures. The glycol chiller will have a bypass valve in order to compensate for changing flow at
each Antenna Electronics location.

For example, when a high heat load item and low heat load item are both in the same major location
they will not require the same flow rate, so the manual valve on the high load item is set open enough
to achieve the required flow rate and the manual valve on the low load item is set mostly closed to
achieve a lower flow rate. As the environmental conditions change (temperature increase from direct
sun, decrease at night, etc.), and the electronics either warm up or cool down, the proportional flow
control valves can increase or decrease the flow as necessary to compensate.

The manual needle valves will be used for prototyping and system characterization but for production an
inline restrictor or orifice sized may be used in order to reduce maintenance and eliminate the
possibility of valves leaking.

Figure 6. Proportional flow control valve (L) and Manual Needle valve (R)

4.2.3 Glycol Piping and Tubing

The EEC subsystem shall provide all glycol piping and tubing to all Antenna Electronics. Glycol piping and
tubing necessary for Antenna Drive Electronics shall be the responsibility of the antenna contractor.

Glycol piping will be stainless steel or copper wherever rigid piping can be utilized, and a nitrile rubber
hose with braided stainless steel jacket for the flexible sections (Figure 7). Insulation will be used
wherever practical to help maintain stable glycol temperatures and to avoid condensation from forming
on the lines.
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All rigid piping will be securely mounted to the antenna and accurately labeled (Figure 8). To minimize
leakage, preference for rigid lines is to weld and form them wherever practical, and only use threaded

fittings where absolutely necessary. Flexible lines are required in three locations, the azimuth wrap, the
elevation wrap, and the Front End Cable Carrier.

Figure 7. Example of stainless steel clad nitrile rubber hose

Figure 8. Example of rigid lines securely mounted inside antenna
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4.24 Liquid Cold Plates

Antenna Electronics located above the azimuth bearing will be cooled via glycol passing through liquid
cold plates. The cold plates will vary in requirements and size based on the equipment being cooled. The
construction consists of an aluminum plate with milled grooves through which a continuous copper tube
winds back and forth across the plate (Figure 9). The chilled glycol will run through the copper tubes,
absorbing heat from the aluminum plate which will be bolted to the heat source via a series of mounting
holes in the cold plate body between the copper tubes.

Figure 9. Example of a liquid cold plate on sample electronics

The majority of cold plates will be used on ARCS modules. ARCS modules are RFI shielded, and to
preserve the high level of shielding the cold plates will be mounted to the exterior of the module (Figure
10). This configuration will increase the thermal resistance between the hot components and the cold
plate, but preserving the RF shielding level is of paramount importance.

In order to avoid condensation forming on the cold plates, insulation will be added to the exterior of
the cold plates. Desiccant can be added to the modules to avoid condensation forming in their interiors.
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Figure 10. ARCS Module with cold plate, disconnected from the glycol system

4.2.5 Glycol Quick-Connect Couplers

Quick-Connect couplers will be used wherever cooled equipment will need to be removed or replaced
in the field. They provide a quick and simple way to interrupt the cooling loop without shutting down
the glycol system and purging the glycol lines at the desired disconnection point. The majority of cold
plates and quick connects will be used on ARCS modules (Figure | 1), as all ARCS modules are
anticipated to be field replaceable.

It is very important that low-leakage quick connect couplers are selected to minimize the risk of spilling
glycol on electronics and reduce the frequency of maintenance on the cooling system. Two different
models of quick-connects are currently being investigated: the KKA Series couplers from SMC
(www.smcusa.com) and the Everis LQ Series couplers from CPC (www.cpcworldwide.com).
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Figure 1 1. ARCS Module with cold plate, connected to the glycol system

The SMC KKA Series couplers feature a stainless-steel body and special FKM seals which help minimize
leakage (Figure 12). The manufacturer of these couplers claims a spillage of 0.02 - 0.06 cc for the sizes
under consideration, and an aeration of 0.1 - 0.2 cc per disconnect. These couplers have a maximum
pressure of 145 psi and a temperature range of -5 to 150 °C.

Figure 12. Example of KKA Series Coupler from SMC

The CPC Everis LQ Series couplers feature a chrome-plated brass body and EPDM seals specifically
designed for minimizing leakage of glycol (Figure 13). The datasheet for these couplers claims a spillage
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of .025 - .055cc and an air inclusion of <.025cc per disconnect. These couplers have a maximum
pressure of 120 psi and a temperature range of -17 to | 15°C.

426

The Dry Air System will reside in the Antenna Turnhead and will consist of a self-contained module that

Figure 13. Everis LQ Series from CPC

Dry Air System

dries and circulates air via pipes and hoses to each enclosure requiring it. Details TBD.

4.2.7

The Front End Enclosure resides on the feed arm at the secondary focus, and houses Cryostats A and B,

Front End Enclosure

the Integrated Receivers and Downconverters, and parts of the Local Oscillator sub-system. At this
location the EEC subsystem shall provide (Figure 14 and 15):

Glycol lines internal to Front End Enclosure
Flow control and monitoring components
Liquid to air heat exchanger with fan

Cold plate, SA501 Bands 5-6 IRD/LO Module
Cold plate, SA502 Bands -4 IRD/LO Module
Cold plate, L501 Main LO Module

Cold plate, M507 Utility Module
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Figure 14. Populated FE Enclosure Overview, Cryostats and IRD/LO Enclosure
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SA502 Module

Figure 15. Populated FE Enclosure Overview, Bin and Modules Detail

The Front End Enclosure glycol lines will enter in the lower central section of the rear panel (Figure 14)
and will be routed to each glycol consumer in parallel. This ensures that each component receives the
same temperature of glycol.

The FE Enclosure will have a liquid to air heat exchanger with a fan to circulate the air and regulate the
temperature in the enclosure. The details of the heat exchanger are TBD. The fan and heat exchanger
are expected to increase the maintenance required, and as such eliminating them is highly desirable.
Further investigation is needed to determine if the fan and heat exchanger can be eliminated.

There are four glycol cold plates in the FE Enclosure, one each for the SA501, SA502, L501, and M507.
Specific cold plates have not been selected yet, and each one may be different due to different heat loads
associated with each module.

The populated FE enclosure is considered to be an LRU as performing maintenance on most

components must be done in a lab. The exceptions are the ARCS modules and the cryocoolers, both of
which will be accessible for removal and replacement in the field.
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As a consequence of the FE enclosure being an LRU, all lines entering the enclosure must be able to be
disconnected when the enclosure is removed from the antenna. Regarding the glycol lines, one option is
to have all disconnect points at or near the interface between the FE enclosure and the Cable Carrier.
This would make disconnecting straightforward, but could also introduce additional pressure losses due
to the added fittings. Another option would be use flexible lines to each cold plate interface, and when
disconnected the lines would have to be pulled out of the FE enclosure and stay with the Cable Carrier.
This option does not introduce any additional fittings or pressure drops, but is less convenient to
disconnect. Additional work and analysis are necessary in order to determine which option will be
adopted.

4.2.8 Auxiliary Enclosure

The Auxiliary Enclosure resides on the feed arm between the Front End Enclosure and the Primary
Reflector. Figure 16 shows an overview of the Auxiliary Enclosure. At this location the EEC subsystem
shall provide:

Glycol lines internal to Auxiliary Enclosure

Flow control and monitoring components

Liquid to air heat exchanger with fan

Cold plate, M506 Utility Module

Cold plate, F521 Cold Head VFD Driver Module

Cold plate, F522 Vacuum Pump and Feed Heater Driver Module (if necessary)

Cold plate, F523 VFD Control Module

Cold plate, F524 Vacuum Pump (if necessary)

Figure 16. Auxiliary Enclosure Overview

The Auxiliary Enclosure glycol lines will be routed to each glycol consumer in parallel. This ensures that
each component receives the same temperature of glycol.
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The Auxiliary Enclosure will have a liquid to air heat exchanger with a fan to circulate the air and
regulate the temperature in the enclosure. The details of the heat exchanger are TBD. The fan and heat
exchanger are expected to increase the maintenance required, and as such eliminating them is highly
desirable. Further investigation is needed to determine if the fan and heat exchanger can be eliminated.

There are up to five glycol cold plates in the Auxiliary Enclosure, one each for the M506, F521, F522 (if
necessary), and F523 modules, and one for the F524 vacuum pump. Specific cold plates have not been
selected yet, and each one may be different due to different heat loads associated with each module.
The F524 may not end up being a cold plate if a suitable liquid cooled vacuum pump can be found.

The vacuum pump requires a minimum temperature of 12 deg C, which is greater than the minimum
glycol temperature of 5 deg C. One possible solution is to have the vacuum pump cold plate in series
with one or more of the module cold plates such that the glycol is heated by the module to above the
12 deg C minimum temperature required before being routed into the vacuum pump cold plate. Other
solutions will also be investigated.

The F521 Cold Head VFD Driver module is located in the Auxiliary Enclosure, but the majority of its
generated heat is dissipated in the Front End Enclosure.

4.2.9 Woater Vapor Radiometer

The Water Vapor Radiometer is located on the edge of the primary reflector and consists of a parabolic
reflector with a dedicated Front End Receiver Module at the focus, and a Utility Module located behind
the dish (or another suitable location close by) (Figure 17). Each module will be within an environmental
enclosure to protect it from the weather. The WVR subsystem shall provide:

Glycol piping internal to the WVR subsystem

Flow control and monitoring components

Cold plate, F507 WVR Front End RFI Enclosure Module

Cold plate, M508 Utility Module RFI Enclosure Module
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Figure 17. WVR Overview

The WVR glycol lines will be routed to each glycol consumer in parallel. This ensures that each
component receives the same temperature of glycol.

There are two glycol cold plates in the WVR subsystem, one each for the M508, and F507 modules.
Specific cold plates have not been selected yet, and each one is expected be different due to different
heat loads and physical size requirements associated with each module.

4.2.10 Cryogenics Equipment

The Cryogenics Equipment is located in the Antenna Turn Head, and is made up of two primary
components, the Helium Compressor and the Cryogenics RF Enclosure (Figure 18). The EEC subsystem
shall provide:

Glycol piping to Helium Compressor and Cryogenics RF Enclosure

Flow control and monitoring components

Cold plate, M505 Utility Module

Cold plate, Helium Compressor VFD Module

Cold plate, Helium Pressure Regulator Electronics Module (if necessary)
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Figure 18. Cryogenics RF Enclosure

The Cryogenics equipment glycol lines will be routed to each glycol consumer in parallel. This ensures
that each component receives the same temperature of glycol. There are two primary consumers of
glycol, the Helium compressor and the Cryogenics RF Enclosure.

The Helium compressor is designed to be liquid cooled and does not require a dedicated cold plate.

There are three glycol cold plates in the Cryogenics RF Enclosure, one each for the M505, Helium
Comepressor VFD, and Helium Pressure Regulator Electronics modules (if necessary). Specific cold plates
have not been selected yet, and each one is expected be different due to different heat load
requirements associated with each module.

The Helium Compressor VFD packaging is TBD. It may reside in a module and be cooled by a cold
plate, or it may be mounted inside the Cryogenics RF Enclosure without a module and be directly
cooled by glycol. Details TBD.

One design feature that has yet to be verified is the glycol line penetration into the RFI shielded
enclosure. Glycol is conductive and the consequences of a conductive fluid penetrating an RFI shielded
enclosure are not fully clear. RFI shielding requires a faraday cage, or conductive enclosure, which could
be compromised by the glycol line penetration. For the ARCS modules this is accomplished by keeping
the glycol lines outside of the RFl shielded volume. But if the glycol lines must penetrate the shielded
volume as in the case of the Cryogenics RF Enclosure, the theory is to keep a metallic barrier between
the conductive glycol and the RFl shielded volume. This is generally solved by using rigid metallic tubing
where possible. However, the glycol line connection to the module must be flexible to support the
quick connect style for easy change out of modules. One option is to use flexible metallic lines for the
short sections near the quick connects. Another option is to use blind mate quick connects on the rear
of the module which could be plumbed into rigid piping. Further investigation and testing are necessary
to determine which option will work best.
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42.11 Electronics Rack

The Electronics Rack is located in the Antenna Pedestal RF Shielded Room and is forced air cooled by a
co-located air handler. The EEC subsystem shall provide:
e Electronics Rack Air Handler
Glycol piping to Air Handler
Flow control and monitoring components
Electronics Rack air ducting
Electronics Rack internal air flow baffles

4.2.11.1 Air Handler

There will be an air handler in the lower pedestal RF shielded room that will force cooled air through
the Electronics Rack to cool all rack contents. The air handler will utilize a liquid to air heat exchanger
fed by the glycol system to cool the air.

The antenna drive electronics will also be located in the pedestal RF shielded room and will be air
cooled. It may be practical to share an air handler between the Electronics Rack and the Antenna Drive
Electronics. Discussions with the antenna contractor are ongoing to determine the best mutual solution.
In either case, the air handler shall supply the maximum flow rate at the pressure drop specified in Table
I3 to the Electronics Rack.

Air flow rate at Electronics The flow rate of air required at the EECO007
Rack Electronics Rack shall be <0.24 M3/s

Pressure drop at Electronics The static pressure drop for the airflow at EEC0072
Rack the Electronics Rack is <500 Pa

Table 4. Air Handler flow rate and pressure drop requirements

4.2.11.2 Electronics Rack Air Flow

The Electronics Rack will be an EIA standard 19 inch rack, 42U tall (Figure 19), initially with a depth of
36 inches to reserve space in the event that direct glycol cooling of a high heat density rack mounted
component is necessary, which requires more depth for the glycol fittings.

An electronics rack concept utilizing direct glycol cooling of all equipment was investigated, see
Appendix A for more information.

The Electronics rack sits on top of a plenum box to allow forced air input to the bottom of the rack.
The lower section of the rack houses all electronics packaged in ARCS modules and requires vertical air
flow, while the upper section of the rack houses commercially packaged electronics that require front to
rear air flow. The concept has forced air entering the bottom of the rack, and after passing through all
of the ARCS modules it is directed into the space between the rack mounted components and the front
door and then horizontally into the COTS equipment in the upper section of the rack, after which it
then exits at the top of the rack (Figure 20). Careful arrangement of the ARCS modules may be
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necessary to optimize the cooling requirements of each one. Once additional details of each module are
known, simulations can be performed and a specific arrangement of modules can be tested.

}— Routing of cabling

8.6”

— Rack Mounted Equipment

Airflow Baffle

L

[ ~— Arc Modules

Figure 19. Electronics Rack Layout, front view
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Cabling Box

e
e

Barrier for air flow

. Baffle to redirect airflow to the front
of the rack mounted equipment

.4". B -
Barrier to separate modules from rack || i
mounted equipment

Barriers to keep the air flow from
going between the bins and doors.

Figure 20. Electronics Rack Air Flow, side section view

4.3 Performance budgets

4.3.1 Cold Plates

The heat loads for each module cold plate by location are listed in Table 14.

The F521 Cold Head VFD Driver Module appears in both the FE and AUX locations. To clarify, there

exists only a single F521 module, and it resides in the Aux, but much of its heat is dissipated in the FE
enclosure hence the double listing.

The SA501, due to higher heat load spread over a larger area, will have either a single oversize cold
plate, or multiple smaller cold plates depending on the layout of heat generating devices housed within.
One deciding factor is which option would yield a smaller pressure drop across the cold plate or plates.

The F522 Vacuum Pump and Feed Heater Driver Module in the Aux, and the Helium Pressure Regulator
Electronics Module in the Cryogenics RF Enclosure are not expected to produce much heat, if any, but

they are included here in the case that they do end up requiring a cold plate.

The F524 Vacuum Pump located in the Aux may not end up utilizing a cold plate if a suitable liquid
cooled vacuum pump can be found.
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The Helium Compressor VFD packaging is TBD. It may reside in a module and be cooled by a cold
plate, or it may be mounted inside the Cryogenics RF Enclosure and be directly cooled by glycol. Details

TBD.
Heat Load
Location | Cold Plate (Watts)
SA501 Bands 5-6 IRD/LO Module 440
SA502 Bands |-4 IRD/LO Module 160
FE L501 Main LO Module 50
M507 Utility Module 147
F521 Cold Head VFD Driver Module 208
M506 Utility Module 88
F521 Cold Head VFD Driver Module 48
Aux F522 Vacuum Pump and Feed Heater Driver Module | TBD
F523 VFD Control Module 50
F524 Vacuum Pump 600
) M505 Utility Module 55
:{:Ir:'yogemcs Helium Compressor VFD Module 750
Helium Pressure Regulator Electronics Module TBD
WVR F507 WVR Front End RFl Enclosure Module 85
M508 Utility Module RFI Enclosure Module 71

Table 5. Cold Plate heat loads

4.3.2 Flow Rate and Pressure Drop

Preliminary piping diagrams of the glycol distribution, for each of the equipment locations that utilize
glycol, have been developed and used to estimate the maximum pressure drop at the required flow
rates (Figures 21 - 24). The resulting flow rates and pressure drops at each location are presented in
Table 15. A more detailed analysis will be required to verify the piping and valve layouts presented here,
especially in regards to whether check valves are required at any locations to prevent backflow.
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FRONT END ENCLOSURE:
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Figure 21. Front End Enclosure Piping Diagram

AUXILIARY ENCLOSURE:

- Symbol Legend:
-_ i THREADED UNION
xl ADAPTER
=1 VALVE

Os>|<<0  QUICK CONNECTS
X WELDED CONNECTION

Figure 22. Auxiliary Enclosure Piping Diagram
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Figure 23. WVR Piping Diagram
CRYO RFI ENCLOSURE : Symbol Legend:
(1/ 1 THREADED UNION
qb\ X ADAPTER
I, D VALVE
05>]<<0  QUICK CONNECTS
\.\*‘ X WELDED CONNECTION
e 7L
&
) DI ) o
; ' + 7 T—— = x1b’<}ix” R
+ N
vd < ,,*\/\\’ 4
N / /
) A Y /
S 6)\ DAY e X x—x2%. i
A / / P =
¥ d A )
r / y A
A5 ¥ of,,\‘@ \\* ° ?{‘ &y 4
A ¥ B ¥
( 4 A ¢

Figure 24. Cryogenics RFIl Enclosure Piping Diagram
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Max Regq.

Glycol @ inlet

(liter/min)

(assumes 5-10 Req. | Min Allow.

Max °C, 60% Air Glycol | AT
Dissipated | propylene Flow | Temp | (deg Estimated

Equipment heat (W) | glycol/water) (M3/s) | (°C) C°) AP (Pa)
Front End
Enclosure 1230 95| NA 5 5 211890
Auxiliary Enclosure 786 6.25 | NA 12 15 121600
WVR 156 275 | NA 5 2 60825
Cryogenics RF
Enclosure 844 4| NA 5 I5 91330
Helium 12C min | 14.5 psig
Compressor atmax | @9
(Sumitomo) 6400 10| NA 4 flow rate | liter/min
Electronics Rack 2792 NA | 0.24 5 I5 500
Rack Air Handler 250 NA | NA NA NA NA
Total 12458

Table 6. Glycol flow rate requirements and pressure drop estimates

The glycol flow rates presented in Table |15 are calculated based on the heat loads listed as well as the
allowable AT of glycol. The Front End and the WVR both require tighter temperature control resulting
in a lower AT, while the Auxiliary Enclosure, Cryogenics RF Enclosure, and Electronics Rack have more

relaxed temperature requirements.

The glycol flow rate requirements calculations considered not only the heat dissipated by the
electronics, but also the heat added from solar radiation and ambient environment. The estimated
contributions from solar loading as well as ambient are presented in Table 6.

Location Solar + Ambient Load

Front End Enclosure 250W
Auxiliary Enclosure 150w
WVR 50w

Table 7. Solar + Ambient Loads

4.4 Reliability, Availability and Maintainability
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The EEC system is primarily made up of COTS parts. Reliability will be a key metric in selecting
individual components. Where questions exist regarding the reliability of a component, extensive testing
will be done to qualify it to ensure every part of the system is as reliable as practical.

The glycol chiller is expected to be the primary component requiring regular maintenance. Primary
maintenance activities will include cleaning the heat exchanger, checking or remotely monitoring
refrigerant pressure, and monitoring and refilling the glycol level at regular intervals.

Cleaning of the heat exchanger is typically an annual maintenance task, and it is typically the efficiency
that degrades without regular cleaning. Testing the efficiency of the system over time will be necessary
to determine if the efficiency degradation over a |7-month maintenance interval is acceptable or not.

The refrigerant pressure is typically maintained in these types of systems for multiple years, but if
pressure degrades below a certain TBD value, the system can no longer adequately chill the glycol and
must be recharged. Regularly checking the system pressure will allow any low pressures to be spotted
before the system reaches the point of failure. A 17-month maintenance interval should be adequate, but
remote monitoring may be preferable.

Glycol systems typically will lose glycol over time either due to small leaks or evaporation. Regularly
checking the glycol level and refilling the reservoir if the level drops below a certain TBD value will be
necessary. A |7-month maintenance interval should be adequate, but remote monitoring may be
preferable. A larger reservoir may also be required to increase the time between maintenance.

Longer interval maintenance tasks could include inspecting the wear on all flexible glycol lines, especially
those located in the azimuth wrap, the elevation wrap, and the cable carrier, and checking the glycol for
contamination. If the contamination is found to be greater than a certain TBD value the entire glycol
system will require purging and refilling. Both of these maintenance activities are expected to occur over
a longer interval than |7-months.

The MTBM for each component will be quantified when components have been selected, which will be
completed prior to subsystem PDR.

4.5 Technology Readiness Assessment

The EEC subsystem is made up nearly entirely of COTS parts, which are inherently high TRL level. In
the few cases where a component is not COTS, it is expected to be a slight modification of a COTS
part. however, the integration of all the components together is also part of the TRL level, and that is
the least mature part of the design presented here. With that in mind, the TRL level of the entire EEC
system is estimated at 5 or 6.
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5 Appendix A: Trade Studies

5.1 Air-cooled vs direct glycol cooled rack equipment

A brief study comparing air cooling or direct glycol cooling of the Electronics Rack equipment was
conducted. In the past, NRAO has typically used air cooled racks, but for the ngVLA project all of the
equipment on the feed arm will be glycol cooled which led to the consideration of direct glycol cooling
in the rack.

A conceptual design and layout of the rack was developed with glycol lines and quick connects for each
device that required cooling. Quick connects are used in order to be able to remove and replace
individual modules from the rack. The first issue encountered was that some of the commercial rack
mounted equipment was not available in any configuration except air cooled. This led to segmenting the
rack into upper and lower sections, the upper section with the commercial equipment requiring air flow
and the lower section with ARCS modules requiring glycol lines. The glycol lines were run from the
underside of the rack, along the rear vertical rails, and then above each bin with modules. A manifold
was used to split the main line out to lines going to each module.

A couple of different issues were encountered with the glycol cooled rack design. For one, having the
rack split between air cooled and glycol cooled requires an air inlet on only the upper section, implying
it would have to be on the front door of the rack (limited space and structural constraints make other
inlet locations much more difficult). This would make access to the contents of the rack more difficult.
The second problem was cost. The added cost of welded stainless steel tubing and quick connects was
greater than anticipated, and exceeded the cost of air flow baffles and an air handler. Some decrease in
the additional cost may be possible with careful design and component selection, but this is not the only
concern. An additional concern is that the glycol lines run between bins, taking | RU of space between
each bin. This takes valuable space that can be used for additional equipment in the air cooled
configuration and could even drive the design to require more than one rack. These issues push the
design toward the air cooled solution. Additionally, around the time the glycol solution was being
investigated, the Mtex antenna team decided that they would use air cooling for all equipment located in
the pedestal RFI room, making air cooling of the rack a significantly more attractive choice.

A couple of different issues with the air cooling design were also investigated. For one, having air cooled
ARCS Modules in the rack but nowhere else on the antenna means that these modules will necessarily
be different than the ARCS Modules in other locations around the antenna. This means non
interchangeable designs and parts as well as possibly different manufacturing techniques. However, the
number of modules considered is great enough that this may not be a major concern. Another possible
issue is that there are a couple of high heat dissipation modules that could be more difficult to properly
cool with air and a heatsink, but not enough details of these modules are known yet. If this turns out to
be the case, one solution might be to run a glycol line to that individual module as the high heat capacity
of glycol may be able to exhaust more heat than the forced air system.

Another quirk with the air cooled configuration is that the lower section of the rack containing ARCS
Modules requires vertical air flow while the upper section of the rack containing commercial equipment
requires horizontal, front to rear, air flow. The concept is to have bottom to top air flow for the lower
section of the rack, and then direct the air into the space between the front door and the rack mounted
equipment, horizontally through the commercial equipment, and then out the top of the rack (Figure
25).
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In conclusion, it was decided to go with the air flow configuration as the baseline as it is simpler, less
expensive, and with fewer drawbacks than the direct conduction cooled configuration.

Figure 25. Electronics Rack with direct glycol cooling
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Appendix B: Abbreviations and Acronyms

Acronym Description

AD Applicable Document

AFD Antenna Fiber Distribution

ALMA Atacama Large Millimeter Array
ARCS Advanced RFI Containment System
ATF Antenna Time and Frequency

BMR Bins, Modules, and Racks

COTS Commercial Off the Shelf

CRY Cryogenics

DBE Digital Back End

EEC Electronics Environmental Control
EMI Electromagnetic Interference
EVLA Jansky Very Large Array

FE Front End

FED Front End

HIL Hardware Interface Layer (Monitor and Control)
ICD Interface Control Document

IRD Integrated Receivers and Digitizers
LO Local Oscillator

LRU Line Replaceable Unit

MCL Monitor and Control System
ngVLA Next Generation Very Large Array
RF Radio Frequency

RFI Radio Frequency Interference

RTD LO Reference and Timing - Distribution
TBC To Be Confirmed

TBD To Be Determined

TRL Technology Readiness Level

VFD Variable Frequency Drive

WVR Woater Vapor Radiometer
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