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Topic Overview st

Learning with Purpose

In the Part | Lecture on temperature feedback effects, we ended
by distinguishing between constant power and variable power
reactor sequences.

For constant power runs, AT; = AT, is a good assumption, and
APyemp IS given by | isothermal

temperature coefficient

and
Aptemp = G'Tf ATf + aTcATC = (G'Tf + (l-rc )AT = (1.|-|-CAT AT is related to the
measured plenum

temperatures

However, for variable power cases, AT; # AT, so we need a
mathematical model to estimate these quantities, since there are
no direct measurements for T; and T, within a UMLRR fuel
assembly.

For this case, an estimate of Ap,, is given by

need estimates of the individual fuel

Aptemp = (X‘Tf ATf + a‘TcATc and coolant tem;z;r;ture coefficients

adynamic model for T; (t) and T, (t)
(April 2018)
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The Feedback Model umass

Learning with Purpose

For the feedback reactivity, we have

Ap(t) = o, AT (t)+ o (D)AT,(t) + Apy, (1) for the xenon

reactivity model

Recall that cf = 0.88

where the reference values for the temperature coefficients of
reactivity are:

orc = 5.9e-5 Ak/k-°C (from pool cooldown run in Jan. 2013)

et = 1.7€-5 Ak/k-°C  (from Michael Pike’s MS Thesis in June 2013)
Qreref = Qre - Orer = 4.26-5 Ak/k-°C

Qreref (T) = 2.88e-6*T — (1.23e-5 + 1.7e-5) Ak/K-°C (from Jan. 2013 data)

Note: Positive values are listed for convenience but, of course, all the

ivi ivelll -
reactivity feedbacks are negative!!! Note that we will change

the value of a; shortly...
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Two Global Energy Balances et
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The development of the dynamics model for T, (t) and T,(t) is
based on two global energy balances -- one for the fuel and
one for the coolant.

For the fuel, we have

d Ui, is the overall HT
m.c.—T, =P-U.(T: =-T,) coefficient between

ff dt f fc\'f c
the fuel and coolant

where Uy, is the overall HT coefficient between the fuel and
coolant, P is the reactor power, m; is the mass of the fuel, c; is
the heat capacity of the fuel, and T; and T, are the average fuel
and coolant temperatures, respectively.

Similarly, for the coolant, we have

d .
mcC. ETC = Ufc(Tf _Tc) +mc, (Tln _Tout)

where mis the coolant mass flow rate.
24.536 Reactor Experiments
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Two Global Energy Balances (cont) UMass
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As a simple approximation, we say that the average coolant
temperature is roughly the average of the inlet and outlet
temperatures,
T +T
Tc =1 2 ot or Tout = 2Tc _Tin
and, upon substitution, we have
d ,
m.C, ETC = U (T; = T,) +2mc (T, - T.)
or d
m.C aTc = Ufc(Tf _Tc)+ Ucc(Tin _Tc)
Recall that U is like an overall HT
1 1 coefficient related to
U=—— or Ry =0 the thermal resistance
th of the flowing fluid
24.536 Reactor Experiments .
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Transient Thermal Model UMAsSS
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To summarize, we simply perform an overall energy balance on a
single fuel node and single coolant node.

Doing this gives the following dynamic equations for T; and T_:

Fuel Node Coolant Node
d d .
Cf an =P- Ufc(Tf _Tc) m.Ce ETC = Ufc(Tf _Tc)+ ch(Tin _Tout)
AN
These coupled equations Tin + Tout
represent a simple transient T = 5 or Tou =2T. — T,
Thermal Model for the UMLRR q
Ci=mic; & C.=mc, m.C, aTc = Ufc (Tf _Tc)+ 2rhcc(Tin _Tc)
are the thermal capacitances ~
and d
Ui and U, are the fuel-coolant C—T =U.(T.-T)Y+U (T..-T
and coolant-flow overall heat Cdt ° fc( f c) CC( n C)
transfer coefficients for the model

24.536 Reactor Experiments (April 2018)
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An 11-Equation Dynamics Model AR
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A 1-node kinetics model, thermal model, and I-Xe model,
when coupled together, give a complete 11-equation
dynamics model for the UMLRR. Coupling Equations
Kinetics Model cxp Pr=on(TO-T,)
d (p-B) K1 Ve g, - (To-T.,)
—P(t)="—-"=P(t) + Ac(t) + ——(O(t R O Cret
af =" PO+ Faam + Q) 0 X0, /2,
q B e vpeP-P;
aci(t)= X‘P(t) - A.ici(t) fOri=1,2,"'6 P=pRB+PT,+PTC+pXe
Thermal Model | — Xe Model
d d
cfan =P-U,(T,-T.) S =Nl
d d
CcaTc:Ufc(Tf_Tc)"'Ucc(Tin_Tc) ax=7"||+YX2f¢_(}"X+°—aX¢)X
also need a HT
coefficient model 24.536 Reactor Experiments (April 2018)
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Coupling through the HT Coeffs. umass
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Since the HT coefficients, U, and U, are functions of the fuel,
clad, and coolant temperatures and the flow conditions -- these
quantities are also directly coupled to the 11-equation dynamics
model.

The HT coefficient model within the sstemp_umlrr GUI

will be incorporated directly into the 11-equation model

to compute U (t) ad U (t) as an integral part of the full
simulation model.

So now, let’s discuss a mathematical model
to estimate the

Steady State Temperature Profiles
in a UMLRR Fuel Channel
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Steady State Temperature Profiles
in a UMLRR Fuel Channel
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™ —= =500 ,— Side Hlate
2963 [
| o Fuel Plate — J 7.6200 17.7724
I X 1
m 0
60830 o
11400 units incm
7.6200

| Single Fuel Channel
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Steady State Temperature Profiles
in a UMLRR Fuel Channel (cont.)
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dT
= =0
, dxlo .| Heat Transfer
i Wat Water i
E Chaanirel Clad Clad charrel i N a FU el Pla.te
| “ -
H . . i
—
| Thermal Network Model | e
\/\R/f\/\/\F;\/\/\R/b\/\. q"=_AT=Tm_T5=TS_T°=TC_Tb
Tm Ts Tc Tb Rth Rf RC Rb
a b 1
Ry =—— R, =— R, ==
2kf kc h need to find
e approximate h
contact resistance
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Steady State Temperature Profiles Ulass
in a UMLRR Fuel Channel (cont.)
Heat Transfer
. >f to the
us A h], Coolant Channel
plates < ||~ e
N I - z+Az
H
coolant
ol o+ T
f =¥ -
th|,
E)\‘ % rate of energy _ rateofenergyout _ rate of energy transferred _ 0
& into node with flow of node with flow from fuel to coolant
dT,(z) 2w .
B W oy with T,0=T,
dz mc,,
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Steady State Temperature Profiles (£ 28
in a UMLRR Fuel Channel (cont.) e

] Axial Profile

m(z+9)
H

of the

with a simple chopped
Surface Heat Flux

sinusoidal heat flux profile

where g = peak heat flux (W/m?2) within an average plate

H, = effective neutronic height of the core (m)

e
8 = reflector savings (m) H, =H+25

The peak heat flux, 9", is related to the plate power as

assume axial symmetry " . .
q (Z)=q maxSIn

e

follows:
weH . . [(w(z+8 " H. [®(z+38
Potate =2]0 IO q maxsm( (H )dedz=2Wq maxjo sm((H)]dz
e e
q.. — I:’plate
max H . (n(z+8)
or ZWI sin dz
0 He
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Steady State Temperature Profiles {4
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in a UMLRR Fuel Channel (cont.)

Performing the operations indicated in the
previous equation gives

npplate 1

Tm=oWH,  (mo n(H+8)
COS[{ — |—COS| ———
He HE

Coolant Temperature
Axial Profile

Now, with this result, putting the expression for q''(z) into the
balance equation and solving the 1t order ODE leads to

[nSJ (n(z+8)J
COS| — |—CO0S
Tb(Z)=T- + plate He He

in .

mc, F120) n(H+3)
cos| — |—cos| ———=
He He

Thus, with data specific to the UMLRR (Ppe, H, W, 8, m, Ty,

etc.), we can obtain the desired coolant temperature profile.
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Steady State Temperature Profiles A
. LOWELL
in a UMLRR Fuel Channel (cont.)
Even with a known T,(z), one still needs a
reasonable estimate of the heat transfer The Heat_T_ransfer
coefficient, h, to compute the plate surface Coefficient

temperature profile, T.(z).

This parameter, however, is usually obtained from empirical
correlations that are given in terms of the local fluid properties,
the type of flow, and the geometry of the system.

JO.M } Turbulent Flow

Dittus Boelter:  Nu=0.023 Re®® Pr®*

Sieder-Tate: Nu = 0.027 Re%® Pr“{ﬁ

s

Analytical Result: Nu = constant ~ 7.9

hD Nuk VD C
where Nu=—" or |h= and Re=PYPw pr_Fn
k D, n k
24.536 Reactor Experiments (April 2018)
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Steady State Temperature Profiles gm
in a UMLRR Fuel Channel (ont) SR

Upper Plenum P
= Natural
coolant pool Co r.\VECtI(.)n
channsl channel Considerations
I coolant 1 Vpool ~0 i
L V2 V2
o L =f—— ZKi =
P Dy, 29 i 29
bot Lower Plenum \

Channel AP: AP = Pbot - Ptop = pcoolantgl— + pcoolantghL

Pool AP: AP =P, - Ptop = ppoolgL

| These need to match |

AI:)bouyancy = (ppool - Pcoolant)gL = Ang = PcoolantghL = APfriction

The velocity that develops in natural convection flow will increase until the
friction loss in the channel exactly balances the buoyant forces on the channel.
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sstemp_umirr GUI @ mw Forced Flow) DA
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) UMLRR Axial Temp Profile (JRWhite April 2015) B =10l x|
Fie Help »
Axial Profiles for Average Channel with Forced Convection
(— Operati is Opti 32
Flow ' Forced Flow
£ Natural Convection
30
Analysis Mode: ¢ Average Piate
€ Hot Plate
~ 28
Turbulent Flow (" Dittus-Boetter g
Correlation: & Sieder-Tate ®
5
& 26
o
Power Level (kW) 1000 =
s
= 24--
Primary Flow Rate (gpm): 1650
Core Inlet Temp (C): 20 Z
22
20 L
0 20
Key Quantitative Results. Distance along Channel (cm)
Plate Power (KW): 3425 Coolant Temp Change (C): 378 Bulk Coolant
Max Heat Flux (KW/m'2): 53686 Max Coolant Temp (C): 2378 swwseee+ Clad-Coolant Interface
Channel Mdot (kg/s): 019791 Max Clad Temp (C): 3121 ~==== Fuel-Clad Interface
Avg. Fluid Velocity (w/s): 1.01333  Max Fuel Surface Temp (C): 3132 Fuel Centerline
Avg. Reynolds #: 5996.1 Max Fuel Centerline Temp (C): ~ 31.77
Flow Regime: Turbulent  Mean Fuel Temp (C): 29.05
Mean HT Coeff (Wim*2-C): 5825.6 Mean Coolant Temp (C): 21.89
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.} UMLRR Axial Temp Profile (JRWhite April 2015) =10] x|
File Help =
Axial Profiles for Average Channel with Natural Convection
= lysis Opti
Flow € Forced Flow
£ Natural Convection
Analysis Mode:  (* Average Plate
€ Hot Plate
Turbulent Flow " Dittus-Boetter
Correlation: ' Sieder-Tate

Power Level (kiV):

Primary Flow Rate (gpm): 1650
Core Inlet Temp (C): 20

100

Temperature (°C)

20 k== !
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— Key Results
Plate Power (KW): 0313 Coolant Temp Change (C): 1962
Max Heat Flux (KW/m'2):  5.369 Max Coolant Temp (C): 39.62 Clad-Coolant Interface
Channel Mdot (kg/s): 0.00381 Max Clad Temp (C): 473 Fuel-Clad Interface
Avg. Fluid Veloctty (m's): 0.01957  Max Fuel Surface Temp (C): 4174 Fuel Centerline
Avg. Reynolds # 139.0 Max Fuel Centerine Temp (C):  41.76
Flow Regime: Laminar  Mean Fuel Temp (C): 3443
Mean HT Coeff (W/m'2-C): 859.0 lean Coolant Temp (C): 29.81
24.536 Reactor Experiments (April 2018)
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A 1-node kinetics model, thermal model, and I-Xe model,
when coupled together, give a complete 11-equation

dynamics model for the UMLRR. Coupling Equations
Kinetics Model cf x P(t) pr=ar (T(O-T,,)
d (P—B) k1l ¢=K2ware P, =0 (T -T, )
—P(t)=~"—P(t Ac(t =—(Q(t R
G PO="5 PO+ Z c(t) + vA<Q( ) o X8,
q B alt= vpeP-P;
FGM=2PO — A fori=12,-6 P = Prs +Pr, +P1, + P
Thermal Model | — Xe Model
d
Cfan =P-U.(T;-T,) al =7, 20—A,l

d
°dt

C.—T.=

Ure(Te =To) + U (Ti = To)

dt

d
X=2 1+ 7, Zb— (Ay +0,40) X

also need a HT
coefficient model
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Overall Solution Logic umass
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In the function file for the ODE solver, we perform the following
tasks (recall that the state vector, X, is known at time t):

1. Determine the RegBlade position and compute pgg.
2. Use the interpl function to find T,, for the current time.
3. Knowing the current values of T; and T., compute p; and pre.
4. Knowing the current Xe concentration, compute pye. [P
. .. . C
5. Determine total reactivity, p, at the current time. Cl
6. Determine U, and U, via a call to function htcoeff_umlrr.m ‘éa
4
7. Compute the thermal flux, ¢, for the given power. x=|Cs
c
8. Finally, compute the derivative of the state vector and pass Tf
this back to the ODE solver (odel5s). T,
|
Let’s look at the actual Matlab m-files... | Xe]
24.536 Reactor Experiments .
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Feedback Model Validation Umass
(forced flow case from Aug. 20, 2012) Learning with Purpose

A forced flow validation experiment was performed on Aug. 20,
2012. The initial reactor power was about 5 kW.

The goal of the test was to validate the combined temperature
and xenon feedback model for a variable power run.

An initial positive reactivity perturbation was made by moving
the RegBlade outward from 7.88 inches out to 9.45 inches
withdrawn.

The core inlet temperature was kept nearly constant so that
subsequent analyses would be more tractable.

However, the core average temperatures increased due to the
increasing power caused by the reactivity addition.

Xenon also started to build up as the power increased.

These two effects induced a negative feedback reactivity which
eventually stabilized the system and, with xenon buildup, even

started to shut itself down.
24.536 Reactor Experiments
Reactivity Feedback Effects: Prediction, Measurement, & Interpretation
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(forced flow case from Aug. 20, 2012) Learning with Purpose
Model_Test: Blade Position Indicators for Experiment on 20/08/2012 Model_Test: Temperature Indicators for Experiment on 20/08/2012
17 83.5
16 [Mn
15 83
14 jry K ‘nﬁ\“r&
£
7 —— BL#1Pos £ g5 | L N i
BL#2Pos g
L e s st I BL#3Pos 2
s BL#4POS 2
" RRodPos o 82 'JIJ
10 § I‘i"
9 81.5 e
8 oreTout
CoreTin
7 81
0 50 100 150 0 50 100 150
Elapsed Time (minutes) Elapsed Time (minutes)
blade positions vs. time core temperatures vs. time
24.536 Reactor Experiments )
P (April 2018)
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(forced flow case from Aug. 20, 2012) Learning with Purpose
Model_Test: Power Indicators for Experiment on 20/08/2012
45 T T
: b — LogPower
LPwrComb H
= reactor power
g .
n_? ____________________ Vs. time
Z
g ______________
g
o
S N S USRS SR
] — — — :
/ - -
= 1 1
0 50 100 180
Elapsed Time (minutes)
24.536 Reactor Experiments (April 2018)
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Feedback Model Validation (cont,) UMASS

(forced flow case from Aug. 20, 2012) Learning with Purpose

Now, the goal of the test is to compare the predicted P(t) profile
and feedback reactivity model with the measured P(t) using the
combined Linear 1 and 2 channels and the feedback reactivity

found via inverse kinetics.

Two cases were studied:

1. Used the reference fuel temperature coefficient calculated
by Michael Pike as part of his MS Thesis:

_ This gave very
(Xfref - 178‘5 Ak/k per OC p00r I’esults!”

2. Used the “optifhum” fuel temperature coefficient
determined iff an (undocumented) study in summer 2007:

The results here

[_—7 Qo = 7.7€-5 Ak/k per °C were much more

reasonable!!!

These differ by g
factor of about 4.5 !!!

24.536 Reactor Experiments (April 2018)
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(forced flow case from Aug. 20, 2012) Learning with Purpose

Model_Test: Simulated vs Measured P(t) vs Time for Expt on 20/08/2012
T

Model_Test: Simulated vs Measured P(t) vs Time for Expt on 20/08/2012
T
—— simulated P(t) —— simulated P(t)
1200 I\ Measured LogPower 450 Measured LogPower ]
/ ----- Measured LPwrComb || 00 / ----- Measured LPwrComb
Vel 1
1000 /’I A \
350 / F
! f
300 /l‘.‘ b \v\\,,,\
[

Power Level (ki)
5

800 / \
600 / \ 200 /:

{f AN

/ \
400 e 150 / \
Vs '\._,\.\_X f \
7 — 00
200 ; ]
/ — 50 e

7
0

150 0 50 100 150

Power Level (kW)

DU 50 100
Time (min) Time (min)
As apparent, our first try Now this is
for the feedback reactivity h better!!l
model is horrible!!! much betters:
This case used s e Laisn
Qrer = 1.7€-5 Ak/k-C gy = DS L
24.536 Reactor Experiments (April 2018)
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Model_Test: Reactivity C from for Expt on 20/08/201 Model_Test: Reactivity C from for Expt on 20/08/201
04 04 T
Py Measred
0.03 A ——— p, worth cune |
ext
----- Py, model
0.02 -5 e H
= = pry model
= 2 ogorho N e model
2 2 001 Prc
E £ —— Py model
2 2 ) g oy T
= d ., - Pt iR
E Py MeBSUe . E
2 rth “. E R L IENEN L AR L
g o0af- Pex Worth curve RN H e
¢ |- Py Mol e -3
. -0.02 e
Pyy model o ..
0.08 e e
------- Py model o 0.03 ; e
—— pyy model : h
-0.08 -0.04 L
0 50 100 150 0

Time (minutes)

50 100 150
Time (minutes)

This case used
Qer = 1.7€-5 Ak/k-°C

This case used
Qfopt = 7.7€-5 Ak/k-°C

Note: This result suggests that the fuel temperature feedback
dominates much of the early part of the transient and that our
prediction of the fuel temperature change may be too low???

24.536 Reactor Experiments
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Temperature (°C))

2745
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Feedback Model Validation (cont.) u’m@

(forced flow case from Aug. 20, 2012)

Model Test: Simulated T{t) and T (t) vs Time for Expt an 20/08/2012

LOWELL

This is the current predicted
Ti(t) and T(t).
However, since we have no
measurements of T; or T, we
have no information about
the accuracy of these results.

U v g g -
. LT

0 50 100 150

Time (min)

Without further information,
all we know is that the o;AT;
product needs to be
increased to match the
experimental results -- this
could be due to poor values
of one or both terms!!!

For now, our solution
will be to use

Gyop = 7-7€-5 Ak/k-°C

in all subsequent analyses...

24.536 Reactor Experiments

- L ) April 2018
Reactivity Feedback Effects: Prediction, Measurement, & Interpretation (Apri )

Learning with Purpose
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Feedback Model Validation umass
(natural convection flow case from Aug. 20, 2007) Learning with Purpose

A natural convection flow validation experiment was performed
on Aug. 20, 2007. The initial reactor power was about 5 kW.

The goal of the test was to validate the combined temperature
and xenon feedback model for a variable power run, with the
coolant temperature having a more dominant role.

An initial positive reactivity perturbation was made by moving
the RegBlade outward about 2.2 inches.

The core average temperatures increased due to the increasing
power caused by the reactivity addition.

However, since the power level remained relatively low
throughout the run, the xenon effect was negligible.

Thus, the negative temperature feedback reactivity eventually
stabilized the system at a new steady state power of 26 kW.

24.536 Reactor Experiments

Blade Position (inhes withdrawn)

Reactivity Feedback Effects: Prediction, Measurement, & Interpretation (April 2018)
Feedback Model Validation (cont) Umass
(natural convection flow from Aug. 20, 2007) Learning with Purpose

Model_Test: Blade Position Indicators for Experiment on 20/08/2007 Model Test: T Indicators for on 20/08/200
16 80.2 T T

BL#1Pos |4
----- BL#2Pos
- BL#3Pos
wervvinees BL#4POS [
RRodPos

@
3

~
el
o

~
el
=

794

Various Temperatures °F)

~
el
o

10 IEl

i
0 10 20 30 40 50 60 70 80 30 40 50 60 70 30
Elapsed Time (minutes) Elapsed Time (minutes)

blade positions vs. time core temperatures vs. time
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(natural convection case from Aug. 20, 2007) Learning with Purpose
Model_Test: Simulated vs Measured P(t) vs Time for Expt on 20/08/2007
35 T T T T T T T
0] LA R R R
: reactor power
2 vs. time
z
=20 d
E Simulated P(t)
2 15 Measured LogPower [
T Measured LPwrComb
10 : :
u H
3 S [ R S SR S
. i i i i i i i
0 10 20 30 40 50 60 70 80
Time (min)
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Feedback Model Validation (cont)

(natural convection case from Aug. 20, 2007)
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Model_Test- Simulated Tyt) and T_(t) vs Time for Expt on 20/08/2007 Model_Test. Reactiity C from for Expt on 20/08/200
0.05 — T T
S SRS AP N bos pR——
/ \ ——— Py Worth curve
003
\ ----- Py, modal
= model
/ - Prr
- N | - Y R R P, model
o~ = 001
/ 4 § oo —— Py, model
F H .
/ / Fuel Temp E oy
7 | === Coolant Temp £ o,
J e 001 3
{ o e,
H
/‘ 0.02
i
i
L) -0.03
.04 i i i i
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 (] 80
Time (min) Time (minutes)
predicted core temperatures predicted vs. measured feedbacks

Here, both the fuel and coolant temperatures have an important role,
and the predicted total feedback reactivity is quite reasonable...
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Two More Tests...

Model_Test: Simulated vs Measured Pit) vs Time for Expt on 21/03/2013
0

Model_Test: Reactiity Compenents from Simulation for Expt on 21/03/2013
0.08 T T

7
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T T
—— Simulated P{t)

Reactivity Worth (% Akfk)

Py wtth curve ]

----- Py, model

Piot

Pre

Py, model

measured

model A

—— by, model

-0.06
0 20 40 60 30 100 120 0 20 40 60 30 100 120
Time (min) Time (minutes)
| Forced Flow model validation test from March 21, 2013
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Model_Test: Simulated vs Measured P(t) vs Time for Expt an 21/03/2013
0

Model_Test: Reactivity Components from Simulation for Expt on 21/03/2013
01

T T T T T T
; ——\‘ : ’ H Pyt Measured
o LA N 0.08 Py Wotth cue |
/ el e Py model
50 e s pry model
// :f 0.04 -S4 oobe e e Prg model H
40 ff = Py model
‘f,f Simulated P(t) £ o002 i
30 o Measured LogPower 1 z :
i == Measured LPwrComb £ 0 i -
i s
ZU/.' “ o
10 004
0 -0.06 L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (min) Time (minutes)
| Natural Convection model validation test from March 21, 2013
24.536 Reactor Experiments (April 2018)
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Summary and Take-Aways UMaRe

Our study of reactivity feedback effects within the UMLRR has
accomplished the following:

1. Established the importance of the inherent negative feedback
mechanisms in real systems.

2. Showed that the xenon effect and the fuel and coolant
temperature feedbacks can all be important, and that their
relative contributions can be significantly different under a
variety of diverse conditions.

3. Developed and validated a “semi-empirical” Feedback Model
for the UMLRR that gives “reasonable” results relative to
measured data.

24.536 Reactor Experiments

Reactivity Feedback Effects: Prediction, Measurement, & Interpretation (April 2018)
P
Summary and Take-Aways (cont) UMass

Learning with Purpose

4. Identified that our existing thermal model for the fuel
temperature may need some improvements (however, where?
and how? are the difficult questions yet to be answered).

5. Developed and validated an 11-equation dynamic model that
can handle both forced and natural convection modes.

We now have a UMLRR simulator that can predict dynamic
behavior under a variety of transient scenarios...

However, there are a number of situations that the model cannot
handle -- such as the transition from forced to natural
convection flow -- so there is still lots of room for improvement

(as well as resolving some issues with the thermal model for the fuel)

24.536 Reactor Experiments

- L ) April 2018
Reactivity Feedback Effects: Prediction, Measurement, & Interpretation (Apri )
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Next Week’s Lab umass

Learning with Purpose

Now we need to show that our simulator works for additional
cases and more challenging transient situations...

1. Perform the appropriate simulations and compare to the
measured data from the two simple reactor sequences from
July 17, 2013.

2. Design two new reactor sequences: one for natural convection
and one for force convection flow -- we will run these
sequences during the next lab as a test of our new simulation
capability...

Rough Lab Procedure/Constraints:

Make a few RegBlade movements while in natural convection
mode with the reactor initially at about 5 kW and keep P(t) < 80 kW
while in this mode (this will keep the Xe at negligible levels).

24.536 Reactor Experiments

Reactivity Feedback Effects: Prediction, Measurement, & Interpretation (April 2018)
, A
Next Week’s Lab (cont) UMASS

Learning with Purpose

Rough Lab Procedure/Constraints (cont.):

Ask the reactor staff to transition to forced flow mode at about 5
kW .

In forced flow mode, make some additional RegBlade movements
keeping P(t) < 800 kW.

The overall reactor run (for both sequences) should be about 2.5
— 3.0 hours (also be sure to keep the reactor period well above 60
sec for both sequences)...

HW #10 asks you to review the theory discussed here and answer a few
guestions, to do a few additional test comparisons, and to design the
proposed sequences to be used in both the natural and forced flow
portions of our next lab on Feedback Effects in the UMLRR.

(see details in rexpts hw10sp18.pdf)

24.536 Reactor Experiments

- L . April 2018
Reactivity Feedback Effects: Prediction, Measurement, & Interpretation (Apri )
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Some sample simulations...

24.536 Reactor Experiments
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Power Level (kiV)

Blade Position (inches out)

Natural Convection Flow Simulation

Test_Sim_FOBK: Simulated Tt) and Tt} vs Time
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UMASS
LOWELL

Learning with Purpose

Test_Sim_FDBK: Simulated P(t) and Blade Position vs Time
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Natural Convection Flow Simulation
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Forced Flow Simulation (ont) UMass
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Test_Sim_FDBK: Reactivity Components from Simulation
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