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PURPOSE

B DYNASTY
eDYNASTY

M shared components:
- heat exchanger
- cooling fan

» Study the phenomenon of natural circulation under different
heating configurations:

» Fully distributed (DH)
» Vertical heating source (VHHC)
» Horizontal heating source (HHHC)

» Single and coupled loop configuration

» Study the effect of a secondary loop on the NC stability and
thermal behaviour of the primary (heated) one:

» Start-up natural circulation
» Passive heat removal during cool-down

» Transition from forced to natural circulation
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DESIGN PARAMETERS
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THE FACILITIES

3100,00

COOLER PIPE
Finned 2500 mm pipe
Fin step 17 mm, height 15 mm

COOLING FAN
Max air flow rate 14500 m3h-!
Coupled configuration: cooling
fan switched on secondary loop

1390,00 1390,00

3100,00

1330,00 1330,00
I

PRIMARY PUMP
Pump head 5 m
Pump max velocity 1450 RPM
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THE FACILITIES - COUPLING —rmed

B shared components:
- heat exchanger

» Coupling HX
» Double pipe HX

» DYNASTY is the
internal pipe
(internal diameter
38 mm)

» eDYNASTY is the
annulus pipe
(outer diameter
60 mm)
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TYFOCOR MAIN CHARACTERS
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HEATING AND INSTRUMENTATION - DYNASTY

P 1 Loading
|| Tank

4 ELSI J-type thermocouples for the fluid temperature (TC1 to TC4)
5 ELSI J-type thermocouples for the wall temperature

PROMASS F80 DN25 Coriolis mass flow rate meter (with
temperature measurement)

BRISKHEAT heating strips (single strip power 684.5 W)

TC4 c3 - Three strips in the vertical legs

Two strips in the horizontal legs

GO1

Mass-flow meter

/ - In coupled configuration, GV2 is bypassed

Draining
tank
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TS3

HEATING AND INSTRUMENTATION - eDYNASTY

TS2 Cooler
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TS5

HX bypass

- 5 ELSI J-type thermocouples
- Bottom pump for load and unload
- Upper expansion vase to control the pressure

- Heating configuration

- VHHC (DYNASTY as heat source)




HEATING CONFIGURATIONS - SINGLE

COOLER

COOLER COOLER
()
< e
HHHC ™
(BOTTOM)
GO1
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HEATING CONFIGURATIONS - COUPLED

1 r al al
COOLER COOLER COOLER

COOLER

LAD
LAD

LAD

I I I I
VHHC > BH$$C > DH > eDYNASTY X<
(LEFT) (BOTTOM) (DISTRIBUTED)
GO1 GO1 GO1

H  —
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DYNASTY CONTROLLER

VARC

To heating strips

From power grid

F'y

.
[»
Y

. p

PIC board

Ammeter,
Switches

VARIAC

MATLAB -

|| PIC board

Amplifiers,

Alarms,
Switches

I—D'

Compensers,

Transducers
& Actuators

)

DACS
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Main code

L__User interface

Idle state:
- setup experimental case
- setup serial communication

Plot most recent data (500 s) from all inputs
Show if a temperature is out of the safe range

Plot all fluid temperatures for the whole

experiment

Pre-experiment state:
- melt the salt
- preheat the facility

Plot a single variable of the system for all

time instants of the experiment

Running state:

- update current timestep

- set pump power

- send query commands

- read heater current data

- send power adjustement commands
- read experimental data from serial port
- verify experimental data

- compute fan power

- set fan power

- compute additional quantities

4

L]
-+Struct containing collected data

ﬁ# 0-%» VARC serial port

I:# 0%’ DACS serial port

VARC (heater control) and DACS (data acquisition) boards are custom designed and built

The PIC boards are a standard PIC18F8723 controller.

A custom-made MATLAB interface is used for monitoring and saving the data
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COUPLED LOOP - DH CONFIGURATION

DH heating configuration (GV1 + GO1)
eDYNASTY cooler

Input power: 2360 W

Working fluid: WATER / WATER

Insulation: Yes

UPPER LEG

449NVHIX3 1ViH
vV v v VvV

COOLER

44ONVHDX3 1ViH
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COUPLED LOOP - DH CONFIGURATION (FAN 0%)

Primary Mass Flow Rate
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COUPLED LOOP - DH CONFIGURATION (FAN ON)

UPPER LEG
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COUPLED LOOP - DH CONFIGURATION (FAN 50%)
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COUPLED LOOP - DH CONFIGURATION (FAN 50%)

Melting

Cooler

Draining

SAM$Es SAFER

Mass-flow meter

tank

Primary Temperatures (°C)

DYNASTY Temperatures
/\ — TC1
— TC2
YA 03
N — TC4
DH (Fan 50%)
DH (Fan 0%)
GV1 Only
\\\ Cooling
N
\\
\\—-_
'\_—
0 5000 10000 15000 20000 25000 30000 35000 40000

Time (s)




COUPLED LOOP - DH CONFIGURATION (FAN 50%)
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COUPLED LOOP - DH CONFIGURATION
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COUPLED LOOP - DH CONFIGURATION

DH Fan Comparison
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SINGLE LOOP - TRANSIENT INSTABILITY

DH heating configuration (GV1 + GO1 + GV2)
DYNASTY cooler

Input power: 2100 W

Working fluid: GLYCOL

Insulation: Yes

COOLER

vV v. v v Y
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SINGLE LOOP - TRANSIENT INSTABILITY

Primary Mass Flow Rate
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SINGLE LOOP - TRANSIENT INSTABILITY

Primary Mass Flow Rate
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SINGLE LOOP - TRANSIENT INSTABILITY

Melting
DYNASTY Temperatures
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SINGLE LOOP - TRANSIENT INSTABILITY
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SINGLE LOOP - TRANSIENT INSTABILITY
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SINGLE LOOP - CASES SUMMARY
o0 P‘1100WFan‘0% ‘P3100WF‘an 25% ‘* P1500WFan0% -

* A
Y% P 2100 W Fan 0% P 2100 W Fan 50% P 1500 W Fan 25% 09
559 A P2100WFan 25% § P 3100 W Fan 50% a Transient Instability - 1.1 kW 0%
A P1100WFan25% @ P 3100 W Fan 75%
1.1 kW 25% No
50 0
0 1.5 kW 0% Yes
2 45
5 X 1.5 kW 25% No
T a0 A A
2 X
2 2.1 kW 0% Yes
A 35
S 2.1 kW 25% No
*
1A
30 2.1 kW 50% No
23 3.1 kW 25% No
- s
20 3.1 kW 50% No
70 80 90 100 110 120 130 140
Average Temperature (°C) 3.1 kW 759% No
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SINGLE LOOP - REGIME TRANSITION

COOLER

GO2

T

Forced convec'tion
(imposed MFR)
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vV vV v v v v Y

VHHC heating configuration (GV1)
DYNASTY cooler

Input power: 2100 W

Working fluid: WATER

Insulation: Yes

Pump speed: 18 m3/s

Imposed MFR: 93 g/s




SINGLE LOOP - REGIME TRANSITION
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SINGLE LOOP - TRANSIENT INSTABILITY
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THANK YOU FOR YOUR
ATTENTION
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