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Bug Fixes

Header sizing algorithm considers 
all sections when progressively 
downsizing the diameters
Internal energy of the inlet, 
outlet, and crossover piping 
(IOCOP) now fully accounted for
Runner pressure drop calculation 
accurately counts expansions and 
contractions
Calculation of thermal energy 
storage (TES) and steam generator 
system (SGS) piping volumes now 
more precise
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Script Templates

• Script templates added for implementing the 
new advanced features listed here

• Located in:
/sam/samples/LK Scripts for SAM/

molten_salt_trough.lk (main script)
ms_trough_funs.lk (helper functions)
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Calculates (and outputs) 
HTF properties at design 
conditions in each pipe 

section

Design 
Conditions

Model runs until 
steady-state is 

achieved

Steady-State

Occurs before yearly 
simulation

Preliminary

Default is to perform, 
but can be skipped

Default

Pipe Sizing and Custom Losses

Field Design Conditions
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Pipe Sizing and Custom Losses

Configurable Advanced Options (Field)
• North/south distance between subfields 

(northsouth_field_sep)

• Minimum number of runner expansion loops for each 
constant diameter segment (Min_rnr_xpans)

• Frequency of runner expansion loops (L_rnr_per_xpan)

• Expansion loop lengths (L_xpan_hdr, L_xpan_rnr)

• Maximum number of header diameters 
(N_max_hdr_diams)

• Location of the first header expansion loop 
(offset_xpan_hdr)

• Number of collector loops per header expansion loop 
(N_hdr_per_xpan)

FADEL SENNA/AFP/AFP/GETTY IMAGES
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Pipe Sizing and Custom Losses

Configurable Advanced Options (TES/PB)
• Bypass valve operation during field recirculation 

(has_hot_tank_bypass)

• Bypass just hot tank and feed into cold tank (=true)

• Bypass both tanks and rest of TES/PB (=false)

• Minimum HTF temperature that may enter the hot tank 
(T_tank_hot_inlet_min)

• Length of runner pipe in and around the power block 
(L_rnr_pb)

• Lengths of the TES/PB piping (sgs_lengths)

• Design-point velocity for sizing the TES/PB pipe diameters 
(V_tes_des)

• Minor losses of TES/PB pipe fittings (k_tes_loss_coeffs)

• Pressure drop within the steam generator system 
(DP_SGS)
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Pipe Sizing and Custom Losses

• Separate design velocities added 
for sizing hot and cold headers
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Pipe Sizing and Custom Losses

• Runner and header diameter sizing 
algorithm revamped:
• More robust in edge cases
• Preferentially selects smaller 

diameter (cheaper) pipes for 
out-of-range cases

• Diameter limit less restrictive 
for hot (costlier) than cold 
header pipes
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Pipe Sizing and Custom Losses

Custom TES/SGS Pressure Drops
• Default is to use pumping coefficients 

(kJ/kg)
• New advanced option to calculate using:

• Darcy–Weisbach equation

• Minor pressure losses

with minor loss coefficients (k) for 
each section as input parameters
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Pipe Sizing and Custom Losses

• Reporting all applicable SGS, runner, 
header, and loop:
• Lengths
• Diameters
• Wall thicknesses
• Number of expansion loops
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Pipe Sizing and Custom Losses

• If using script templates:
• Outputting:

• SGS.csv
• Runners.csv
• Headers.csv
• Loop.csv

• Pre-simulation checks for open, 
unwritable output files to avoid 
wasted simulation time
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Pipe Sizing and Custom Losses

Custom for all files: SGS.csv, Runners.csv,
Headers.csv, Loop.csv

• If setting advanced parameter flag 
option, output files become input 
files for custom:
• Diameters
• Wall thicknesses
• Lengths

• Flags:
• For field:

custom_sf_pipe_sizes
• For TES/PB: 

custom_sgs_pipe_sizes



NREL    |    16

Bug Fixes

Script Templates

Pipe Sizing and Custom Losses

Interconnects

Flex hose modeling

Decoupled Collection and Generation

Simplify UDPC, Testing and Documentation



NREL    |    17

Interconnects

• Configurable interconnects have been 
added as an advanced option at the:
• inlet
• outlet
• crossover
• connections between solar 

collector assemblies (SCAs)

• Exposes hard coded component sizes 
and associated losses

• Using defaults will replicate the 
original hard coded values and 
respective calculated outputs

SENER
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Interconnects

• Pressure losses modeled according to 
component type:
• Fitting          (minor loss coeffs.)

• Pipe              (Darcy–Weisbach)

• Flex hose     (empirical model)

• Heat losses modeled according to 
component geometry:
• Global heat loss coefficient
• Fitting heat losses neglected



NREL    |    19

Interconnects

/sam/samples/LK Scripts for SAM/
• physical_trough_interconnect_components.csv

defines library of 
individual components
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Interconnects

defines assemblies of 
components 
(interconnects)

/sam/samples/LK Scripts for SAM/
• physical_trough_interconnect_components.csv
• physical_trough_interconnect_definitions.csv
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Interconnects

/sam/samples/LK Scripts for SAM/
• physical_trough_interconnect_components.csv
• physical_trough_interconnect_definitions.csv

Numbers correspond to locations 
in the loop (in green)
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Flex Hoses

Flex Hoses
• Added as an advanced modeling

option
• Pressure drop dependent on:

• Type
• Size
• Flex radius and angle

• Formulation a modification of 
Darcy-Weisbach equation that 
accounts for bending:

Courtesy: Sandia National Laboratories

Courtesy: Witzenmann GmbH

∆𝑝 = 𝑓
𝐿

𝐷
+ 𝜁𝑏

𝜌

2
𝑉2
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Helical
(helically corrugated)

Flex Hoses

Types

Gropp, R., Pforzheim, 1974. Flow 
Resistance of flexible metallic lines

Corrugated
(annular)

Winding
(stripwound)
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Flex Hoses

Flow Regimes
• Quickly enters fully rough 

zone (near constant ff)

• At higher Reynold’s numbers, 
enters additional, higher 
friction factor zones instead 
of staying constant

Courtesy: Witzenmann GmbH
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Flex Hoses

Modeling of Friction Factor (ff)
• Re < 6000:

• Normal pipe
• Laminar ff = 64 / Re
• Turbulent transition = 

Colebrook (iterative)
• Re >= 6000

• Annular corrugated with 
average characteristics

• Simple model (Re vs. D)
• Linear log-log (ff vs. Re)

Modeled as:              normal pipe             constant        linear (log-log)    constant

Courtesy: Witzenmann GmbH



NREL    |    27

Flex Hoses

Flex Hose Modeling
• Re transition points as 

function of diameter
• Data from 

corrugated hose 
model RS331

• Model form:

𝑅𝑒 = 𝑚 · 𝑙𝑛 𝐷 + 𝑏

Courtesy: Witzenmann GmbH
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Flex Hoses

Flex Hose Modeling
• ff transition points as 

function of Re
• Linear log-log
• Two models

• at low trans.
• at high trans.

Courtesy: Witzenmann GmbH
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Flex Hoses

Flex Hose Modeling
• Results

• Good fit
• Plot includes one 

known implemented 
diameter of 2.5” 
(63.5 mm)

Courtesy: Witzenmann GmbH
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Flex Hoses

Flex Hose Modeling
• Bending effects

• Not implemented
• Possible future feature
• Determination of in situ

hose angles is the more 
difficult task

∆𝑝 = 𝑓
𝐿

𝐷
+ 𝜁𝑏

𝜌

2
𝑉2

𝜁𝑏 = 𝜁
𝛼

180°

Gropp, R., Pforzheim, 1974. Flow Resistance of flexible metallic lines
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Decoupled Collection and 
Generation

Default (parallel) storage tank 
configuration

New series storage tank 
option

To SF cold piping

From SF hot piping

To SF cold piping

From SF hot piping
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Decoupled Collection and 
Generation

TES in Series with Field
• tanks_in_parallel = true
• has_hot_tank_bypass = true

• Field HTF circulates through 
cold tank (instead of straight 
back to field) when 
T_tank_hot_inlet_min is not 
met

• Field and TES/PB are now 
effectively decoupled

New series storage tank option

To SF cold piping

From SF hot piping
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Decoupled Collection and 
Generation

New series storage tank 
option

To SF cold piping

From SF hot piping
Number From To

0 Cold thermal storage tank Individual solar field (SF) pump inlet

1 Individual SF pump discharge SF pump discharge header

2 SF pump discharge header SF runners

3 SF runners Hot thermal storage tank

4 SF runners Cold thermal storage tank

5 Steam generator system (SGS) 
pump suction header

Individual SGS pump inlet

6 Individual SGS pump discharge SGS pump discharge header

7 SGS pump discharge header Steam generator supply header

8 Steam generator supply header Inter-steam generator piping

9 Inter-steam generator piping Steam generator outlet header

10 Steam generator outlet header Cold thermal storage tank

5 6

7

01

2

3

4

8

9

10
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Decoupled Collection 
and Generation

Example behavior of:

Field in parallel with TES

vs.

Field in series with TES

Cold-tank a thermal reservoir, keeping field 
HTF at a higher temperature

field recirculating
loop mass flow

cold tank temp.
cold header inlet

hot header outlet
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Simplify UDPC
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Simplify UDPC

• If the user already has the three tables from 
before:
• Six low and high independent values can 

be input above the table (initially empty)
• The number of independent values can 

be chosen, with the total number of 
rows calculated

• The HTF Temp., HTF m, and Ambient 
Temp. columns then populate

• Serves as:
• a guide for copy and pasting from 

their original tables
OR

• inputs to their parametric model 
run
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Unit Testing

• A GoogleTest case has been added 
for the physical trough model
• Continual, automated value 

checks for known working 
code

• Verify functions perform as 
designed
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Help File

• SAM Help has been updated:
• ‘Physical Trough Model’ 

section
• Definitions of new input and 

output variables
• For new functionality:

• Descriptions 
• Equations
• Diagrams
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