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SUMMARY 

A study of the dynamic behavior of the Merchant Ship Reactor 
Pressurized Water Loop was made using the Reactor Controls 
Analog Facility. Computer curves show the predicted response 
of the loop temperatures to normal load changes and component 
failure accidents. Except l"or complete flow stoppage, which 
was not investigated here, the safety system was shown to be 
adequate in curbing loop temperature excursions due to 
postulated accidents. 
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This document contains information of a preliminary 
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represent a final report. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the United States, 
nor the Commission, nor ony person acting on behalf of the Commission: 
A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, 

completeness, or usefulness of the information contained in this report, or that the use of 
any information, apparatus, method, or process disclosed in this report may not infringe 
privately owned r ights; or 

B. Assumes any l iabi l i t ies with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee 
or contractor of the Commission, or employee of such contractor pre pores, dis'seminates, or 
provides access to, any information pursuant to his employment or contract with the Commission, 
or his employment with such contractor. 



INTRODUCTION 

Provided that adequate information is available about the physical 
properties of a system, a computer can usually be programmed to give an 
indication of the dynamic behavior of the actual system. The ORNL analog 
computer was set up to simulate the MSR loop according to the data pro
vided by the loop designers. Tests were made on the system at maximum 
design conditions: Ikh KW of nuclear heat in the test section and 508°F 
mean in-pile water temperature» These represent the mo'st severe conditions 
expected in the loop operation. 

LOOP DESCRIPTION 

The loop will be described with reference to the flow diagram, Fig. 1. 
The test section occupies two adjacent fuel rod positions (Al and A2) in. 
the ORR. The pressurized water coolant passes down one section, around a 
U-bend, and up the other. In each section there are three l/2-in.-dia 
by l8-in.-long stainless steel clad fuel pins. The fuel is uranium oxide 
(UOg) with approximately h$ enrichment. 

The water heated in the test section then passes through 130 feet of 
l-l/2-in. schedule-80 stainless steel pipe to a heat exchanger in the 
equipment room. From the heat exchanger the water passes thru a circulating 
pump, the 60 KW line heater, and then back thru 1̂ 0 feet of piping to the 
test section. With a flow rate of kO gpm, the loop transit time is about 
one minute. 

Temperature control is achieved by varying the by-pass flow rate around 
the heat exchanger. The controlled variable is the water temperature 
immediately downstream of the by-pass or "mixing1" valve. Though it would 
have been more desirable to hold the "in-pile water temperature constant, 
the 30-sec transport delay between the heat exchanger and the in-pile 
section would have made the temperature control extremely sluggish. 

COMPUTER SIMULATION 

1. Test Section 

It was assumed that the conductivity of the fuel rods was not a function 
of temperature and that heat generation was uniform, thus giving a 
parabolic cross-sectional temperature profile in the rod for steady-
state conditions. This profile was approximated by generating the mean 
temperatures of three concentric cylindrical "lumps" of equal volume. 
Gamma heating in the fuel, the stainless steel parts of the test section, 
and the in-pile water was taken to be 10 watts per gram. Subsequent 
measurements have shown the gamma heating to be only 2 watts per gram,-
with the ORR operating at 20 megawatts, so the simulation is pessimistic. 
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2. Loop Heaters 

The 60-kw (max.) electrical heaters have a relatively high heat 
capacity (102 BTU/°F). The two 12-kw on-off heaters were considered 
as one unit, and the continuDualy-variable 36-kw heater as another. 

3» Heat Exchanger 

The heat exchanger is rated at 150' kw cooling power with a 300 F 
inlet temperature. According to the simulation, its cooling 
capacity is 300 kw at the normal 520°F inlet temperature. Figure 
2 shows curves of cooling power vs. $ flow thru the heat exchanger 
as derived from the computer. It may be seen that even at maximum 
heating conditions (ikk kw nuclear heat and $0 kw from the heaters) 
only about 25$ of the flow needs to be passed thru the heat exchanger. 
This means that although a lot of cooling is available for emergencies, 
control will be difficult for low power operation since the control 
valve will be operating at the extreme lower end of its range. An 
alternate method of control where only a fraction of the total by-pass 
flow is controlled is being considered. 

4. Loop Piping 

Ttie transport delay time of the water passing thru the piping was 
simulated using the ORNL-built transport lag generators. These consist 
of capacitor storage units mounted on a rotating drum. A signal fed 
into the device is stored and read out a specified time later. 

In addition to the transport lag, the "thermal lag" of the piping was 
also simulated. This effect is due to the fact that pipe temperature 
is carried along with the changing water temperatures. Since the 
piping heat capacity is a significant part of the total loop heat 
capacity it was important to consider this effect. Analog approximation 
circuits were determined by the method outlined in reference 1. 

5• Controller 

The 3-term Brown "Electronik" controller was simulated by a circuit 
which considered the effects of reset gain, derivative gain, and a 
limited controller output (Ref. 2). The settings used in the tests 
were as follows: 

Controller gain; 7-5 ("proportional band" = 13$) 
Reset rate; 6 repeats/min 
Derivative time: 0.04 min 
Reset gain: 150 
Derivative gain: 10 

6. Control Valve 

An Annin model k$63 three-way valve controls the heat exchanger by-pass 
flow. The valve has linear characteristics for both flow directions. A 
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second order analog system with heavy damping was used to simulate 
the dynamic characteristics of the pneumatic operator. 

7• General 

Since the response times in the loop were generally quite slow, 
the computer solution was sped up by a factor of six. The complete 
computer circuit diagram (REED Dwg. No. TD-E-5^3) is available 
and may be obtained by calling Miss Ruby Brooks, Phone 7995 • 

RESULTS OF COMPUTER TESTS 

1, Reactor Power Level Changes 

Figure 3 shows the response of some of the loop temperatures for 
+'and - 25$ reactor power level changes. 

Response to a reactor scram is shown inSFig. 4. For this test 
the fission heat was cut off and the gamma>heating reduced to 50$ 
instantaneously. The gradual decay of the remaining gamma heating 
is not included. 

2. Loop Safety Actions 

The effects of turning off the electrical heaters (60 kw) s and 
channeling 100$ of the flow through the heat exchanger are shown 
in Fig. 5» 

3. Partial Loss of Loop Flow 

The effects of reduction of the loop flow rates were noted, and some 
of the resultant steady-state temperatures are tabulated. Over the 
range shown it was assumed that the water to metal heat transfer 
coefficients varied as the 0.8 power of mass flow. 

LOOP FLOW RATE 

Water Temperature at Outlet of 
In-Pile Section 

Mean Fuel Cladding Temperature 

Control Valve Failure 

A failure in the mixing valve control system could cause all of the 
loop flow to be by-passed instantaneously. Figure 6 shows the response 
of some of the loop temperatures when no corrective action is taken, 
and Fig. 7 shows the effects of scramming the reactor and turning off 
the heaters. Note that the graphs, indicate a continual rise in tempera
tures even with the heaters off and the reactor scrammed. This is 
because the heat loss from the loop (assumed constant at 23 kw) is less 
than the residual gamma-heating value used in the simulation (50$ of 
the total or kk kw)» Since the experimentally determined value of 
gamma-heating is only 20$ of the value used here, the heat loss assumed 

k0 gpm 
(Normal) 
i?22°F 

565°F 

30 gpm 
538GF 

595°F 

20 gpm 
565°F 

643°F 
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would be sufficient to cause the loop to cool down. 
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